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ON THE “PLUS” SIDE 


+ Nickel 
Monel 

+ Inconel 

Molybdenum 

Cobalt 

+ Nickel-Chrome Alloys 
+ Stainless Steels 


Jet Alloys 

+ Titanium 

Zirconium 

Tantalum 


COMPANY, INC. 
300 Filer Avenue © Detroit 34, Michigan * FOrest 6-5300 


Not a single piece of serap making up your 
shipment of secondary alloys fegm Frankel contains 
less than the amounh@fialloying agents 

you specify. This means that the average 

content of the alloying agents is taythe maximum 
side of your Specification. 

That's your standard Frankel bonus. 

You pay nothing for it. 

No wonder more and more buyers of secondary 
special alloys are turning to Frankel. 
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MATERIALS ENGINEERING AND METALLURGICAL EDUCATION 
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Orthodoxy, Heterodoxy, and Metallurgical Education 
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PERSONNEL 


® These items are listi of the Engineeri 
Societies Personne! Service, Inc. This Service, whi 
cooperates with the national societies of Civil 
Electrical, Mechanical, Mining, Metallurgical, and 
Petroleum Engineers, is available to all engineers, 
members and non-members, and is operated on 
@ nonprofit basis. If you are interested in any of 
these listings, and are not registered, you may 
apply by letter or resume and mail to the office 
necrest your ploce of residence, with the under- 
standing that should you secure a position as a 
result of these listings you will pay the regular 
employment fee of 5% of the first year's salary 
if @ non-member, or 4% if a member. Also, thot 
you will agree to sign our placement fee arrange- 
ment which will be mailed to you immediately, by 
our office, after receiving your application. in 
sending applications be sure to list the key and 
job number. 

When making application for a position in- 
clude eight cents in stamps for forwarding ap- 
— to the employer and for returning when 


—MEN AVAILABLE— 


All those listed under “Men Avail- 
able” have membership in the AIME. 


Plant Superintendent; B.S. Met., 
age 32. Twelve years in foundry as 
asst. open hearth supt., melting 
supt., and chief metallurgist. Ex- 
perience in open hearth, direct arc 
electric, Detroit Rocker, induction 
(acid and basic), foundry practice, 
sands, heat treatment, welding, 
X-ray, magnaflux, and customer 
complaints. Working in carbon, low- 
alloy, stainless, hadfield steel cast- 
ings; and malleable, grey, ductile 


METALLURGIST 


© SOLID STATE PHYSICIST § 


for senior positions in 
Materials Engineering 


These positions require either a B.S. 
degree in Metallurgy or a degree in 
Physics, with solid state background. 
Assignments will be to execute complex 
metallurgical investigations, analyses, 
applications. Will be asked to carry out 
tests on a variety of metals, alloys and 
metallic processes involved with de- 
velopment, production and service. 

Hamilton Standard recognizes the 
vital importance of metallurgy in the 
advanced flight vehicle field . . . and is 
pioneering many new applications for 
jet and missile components. We offer a 
modern, fully-equipped Materials Lab- 
oratory where the metallurgist will 
find every necessary facility. 

Many benefits including an opportu- 
nity for tuition-paid postgraduate study. 
Generous relocation allowance . . . very 
desirable New England living. Reply 
in confidence to 


Mr. A. J. Fehlber, 
Technical Employment Supervisor 
HAMILTON STANDARD 

a Division of 
UNITED AIRCRAFT CORP. 
121 Bradley Field Road, 


Windsor Locks, Conn. 


644—JOURNAL OF METALS, OCTOBER 1959 


and wear-resistant iron castings. 
Prefer Metropolitan Area. M-987- 
Chicago. 

Aircraft Metallurgist; Physical 
Chemist, age 33. Two and one-half 
years in the research, development, 
material analysis, and adaptation of 
manufacturing procedures for new 
alloys and refractory metals with 
aircraft companies. Two and one- 
half years as physical metallurgist 
on research and evaluation on ord- 
nance development. Six and one- 
half years as asst. supt. metallurgist 
for basic steel manufacturing $790. 
Any location. S(M)-342. 


Mining Superintendent; ME, age 
55. Thirty years experience planning 
and supervision of production, mine 
examination, exploration and devel- 
opment programs on mining, petro- 
leum, and metallurgy. $700. Prefer 
US. S(M)-221. 

Process Metallurgist; ChE (Can- 
ada), age 47. Seven years as manager 
responsible for quality of metallur- 
gical engineering for consultants 
and designers. Twenty years direc- 
tor of research for mine, mill, and 
smelter. $15,000. Prefer West. S(M)- 
104. 

Research Superintendent; MetE, 
age 47. Four years experience sup- 
ervising contract mining, milling, 
and exploration in manganese mine 


A weekly bulletin of engi- 
neering positions open is avail- 
able to AIME members at a 
subscription rate of $3.50 per 
quarter or $12 per annum; 
$4.50 per quarter or $14 per 
annum for nonmembers, pay- 
able in advance. Local offices 
of the Personnel Service are at 
8 W. 40th St., New York 18; 
57 Post St., San Francisco; and 
29 E. Madison St., Chicago 1. 


MECHANICAL ENGINEER (Tool En- 
gineer) with research experience for 
supervising research in the punching of 
sheet steels. Salary commensurate with 
training and experience. Large Re- 
search Laboratory, Pittsburgh Area. 
Forward complete resume and salary 
requirements to Box No. 11-JM. 


Graduate metallurgist needed for 
work in copper Concentrator lo- 
cated in Western United States. 
Responsible for developing and 
planning improved metallurgical 
techniques and procedures. Sub- 
mit detailed resume, including 
expected salary and photograph. 
Retirement, group insurance, hos- 
pital, surgical and medical plans 
provided. Write Box 13-JM, this 


paper. 


and mill; 10 years as mill supt. in 
lead, zinc, and asbestos; 6 years in 
mining chemicals research with lead, 
zinc, copper, silver ores. $700. Prefer 
West. S(M)-1826. 


Mill Superintendent; ME, age 36. 
Four and one-half years as mill 
supt. of gypsum plant, in charge of 
operation, maintenance, grinding, 
acid leaching, and expanding plant. 
Three and one-half years as plant 
engineer charge of dock mainte- 
nance, budgets, and estimates on 
gypsum products; 1% years as in- 
structor in math and machine de- 
sign. $700. Prefer West. S(M)-554. 


Mine Superintendent; ME, age 40. 
Two and one-half years as asst. supt. 
of mines, survey, maintenance, mine 
and mill, mechanical design in cop- 
per sulfide and chemical manufac- 
turing. Five years as steel mill 
metallurgist; 9 months in survey, 
reports, ore dressing, and mill super- 
vision with chemical manufacturer. 
$6000. Any location. S(M)-1853. 


Nonferrous Metallurgist; Met, age 
40. Twelve years in charge of quan- 
tity, quality of production, mainte- 
nance, safety, and costs with lead 
smelter. About $650. Any location. 
S(M)-961. 


—POSITIONS OPEN— 


Consulting Engineer; metallurgist 
with wide experience in copper 
(Continued on page 646) 


METALLURGISTS 
and 
SOLID STATE 
PHYSICISTS 


Scientists with strong interests 
in high temperature metals, 
mechanical metallurgy or solid- 
state reactions, are needed for 
challenging research assign- 
ments. 


Career scientists having PH.D. 
or M.S. degrees, plus, two to 
five years experience are pre- 
ferred, but recent graduates 
will be considered. 


Call ENdicott 1-5400 or send 
complete resume in confidence 
to: 


J. B. Meyers 


THE BRUSH BERYLLIUM 
COMPANY 


4301 Perkins Ave., 
Cleveland 3, Ohio 


| 
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“We've practically eliminated off-grade heats vita 
with MANTEMP ferromanganese ” 


An almost foolproof way to hit open-hearth manganese 
specifications consistently is with ladle additions of MANTEMP 
ferromanganese. Mill superintendents have reported that the 
alloy yields high recoveries and allows substantial reductions 
in overall ingot costs. 


Fine grain size specifications can also be met easily because 
MANTEMP ferromanganese does not preferentially oxidize 
separately added aluminum. The alloy is available in both high- 
and medium-carbon grades, packed in cans containing exactly 
40 pounds of manganese. 


ELECTRO METALLURGICAL COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N.Y. 


The terms ““Mantemp,” “‘Electromet,"’ and ‘Union Carbide"’ are registered trade-marks of Union Carbide Corporation. 


For further 
information, 
write for this 
new six-page 
MANTEMP 
ferromanganese 
bulletin. 


Electromet a 


FERRO-ALLOYS AND METALS 


: 
ex... 
: 


prompt shipments in 


RARE EARTH 


AND 


YTTRIUM 
METALS 


In your unceasing search for prom- 
ising new materials for metallur- 
gical applications, you are sure to 
find it interesting and provocative 
.«. and quite likely rewarding ... 
to investigate the rare earths. 
Rare earth and yttrium metals 
are readily available from our in- 
ventory in a wide range of purities 
in experimental quantities. Primary 
forms are ingots, lumps and turn- 
ings. Costs are reasonable and ad- 
vantageous for your research or 
product development operations. 


Lindsay rare earths cover the 
whole gamut of rare earth tech- 
nology, from crudes to highly re- 
fined materials. For instance: 
LANTHANUM has one of the largest 
liquidity ranges of the metals (MP 
‘ 920 °C, BP 4200 °C). 

: GADOLINIUM is ferromagnetic up 
to about room temperature (Curie 
temperature 289 °K). 

DYSPROSIUM and HOLMIUM are fer- 
romagnetic below 85 and 20 °K 
respectively. 


YTTRIUM is available in grades 
s ranging from high purity to crude 
x alloys with magnesium. : 
Lindsay is the world’s largest 
producer of rare earth, yttrium, 
and thorium materials. We can 
furnish you with a considerable 
amount of interesting and reveal- 
ing technical data on rare earth 
and yttrium metals, including a 
detailed tabulation of properties, 
purities, and costs. 


Please ask for our bulletin “Rare 
Earth and Yttrium Metals.” It will : 
be sent to you promptly. 


Linpsay [Division 


American Potash & 
Chemical Corporation 


|. 99 Park Avenue, New York 16, N.Y. 


Los Angeles 54, Calif 


West Sixth St., 
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PERSONNEL 
(Continued from page 644) 


smelting and refining and familiar 
with operations and engineering in 
various copper producing areas of 
the world. Will provide technical 
direction for metallurgical plant de- 
sign and construction, technical as- 
sistance to operating smelters and 
refineries, and operating smelters 
and refineries. Will also handle de- 
velopment work for new methods. 
Must be top-notch with broad ex- 
perience. Some travel. Salary, open. 
Location: West. W7906. 


Sales Engineer in powder metal- 
lurgy, preferably with technical and 
production experience. Sales ex- 
perience valuable but not necessary. 
Contacts are in all phases of iron 
and associated metal powders, and 
in vacuum metallurgy. Location: 
Midwest. W7902. 


Sales Engineer with three to five 
years metallurgical development and 
marketing experience. To plan and 
execute market research and devel- 
opment, perform application and 
technical service duties in alloy wire 
fields. Considerable travel. Salary, 
$10,000 to $12,000. Company will pay 
placement fee. Location: Pa. W7884. 


Welding Engineer with metallurgy 
degree and at least seven years ex- 
perience, preferably in nonferrous 
metals. Must be acquainted with 
X-ray techniques, familiar with air- 
craft or equivalent quality require- 
ments. Will have complete responsi- 
bility for technical aspects of weld- 
ing program, i.e., selection of equip- 
ment application techniques, joint 
design, establishment of procedures, 
and so on. Salary, open. Location: 
Pa. W7867. 


Sales Engineer, preferably with 
connections in nonferrous, iron, and 
steel industries. To act as represen- 
tative for British company which 
manufactures ingot casting machin- 
ery for the handling of nonferrous 
and pig iron, also electric arc steel 
smelting furnaces. Salary, open. 
Location: East. W7812. 


Sales Vice President; metallurgy 
or mechanical engineering graduate 
with considerable sales management 
and sales promotion experience in 
nonferrous metals and fabricated 
products. Salary, $35,000, plus bonus. 
Location: East. W7803. 


Metallurgists to promote the use 
of ferro alloys and metals, and to 
assist in the development of new 
products. a) Graduate metallurgist 
with at least five years experience 
in the nonferrous field, chiefly in 
the production and processing of 
wrought and cast aluminum alloys. 
Some practical knowledge of other 
metals, such as copper and titanium, 
is desirable. b) Metallurgist with 
good background in steel production, 
primarily melting and processing of 


unalloyed and low-alloy open hearth 
and electric furnace tonnage steels. 
Should have good experience in the 
established practices, including ap- 
plication of ferro alloys, refining 
agents, quality control, and inspec- 
tion procedures. Salaries, open. Lo- 
cation: Midwest. W7488. 


Sales Representative; metallurg- 
gical training with some experience 
in manufacturing or laboratory. To 
contact industrial furnace manu- 
facturers, alloy fabricators, and var- 
ious users of high-temperature 
equipment, such as cement kilns, 
petroleum refinery furnaces, vitrous 
enameling plants, heat treating and 
brazing companies, and others. To 
sell heat-resistant alloys in wrought 
form. Salary plus incentive depend- 
ent upon experience. Location: 
Chicago. C7659. 


Plant Manager with some techni- 
cal training to assume responsibility 
as supervisor of factory operations. 
Must be experienced in aluminum 
permanent mold design and opera- 
tion. For volume aluminum casting 
product. Salary, $10,000. Employer 
will pay fee. Location: Ill. C7638. 


General Manager; graduate engi- 
neer or B.A. with heavy experience 
in iron, steel, or nonferrous forgings 
or castings and machining. Should 
have functional experience as line 
supervisor in production or metal- 
lurgy. Must have at least five years 
experience as asst. or general mana- 
ger of an integrated operation or 
division. Company produces cast 
iron and nonferrous castings from 
medium to large sizes. Machine shop 
is well equipped. Will be responsible 
for production, metallurgical engi- 
neering, sales accounting, and so on. 
Salary, $25,000 to $30,000 in total, 
with part of it base salary and the 
remainder bonus and profit sharing. 
Employer will pay fee. Location: 
Ohio. C7639. 


Specification Writer with metal- 
lurgy degree. Must have five to ten 
years experience, including first- 
hand knowledge of engineering 
society and military standards and 
specifications systems encountered 
in procurement, identification, test 
of materials, and components of 
standard items in alloys and exotic 
materials. US citizenship for at least 
10 years and be qualified to satisfy 
class “Q” clearance requirements. 
For laboratory operation. Salary, 
$625 to $775. Location: San Francisco 
East Bay. S(P)-4623-R. 


Research Engineer; M.S. MetE, 
ChemE, or Chem (not Mining), or 
B.S. with exceptionally strong re- 
search experience. Must be inter- 
ested in applying knowledge to solu- 
tion of industrial problems rather 
than to fundamental research. Dept. 
conducts applied research and de- 
velopment on new processes and 

(Continued on page 652) 
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ANOTHER WAY 
RCA SERVES 
INDUSTRY 
THROUGH 
ELECTRONICS 


“BOOKL 


For all who are planning to establish new 
facilities or expand existing ones—here is a new 
twenty-page brochure which shows why RCA 
X-Ray Diffraction and Spectroscopy equipment 
deserves your full consideration. 


These precision-engineered instruments, out- 
standing for their technical excellence and 
performance characteristics, provide unusual 
versatility for a broad range of X-ray diffraction 
and spectroscopy studies. An excellent example 
is the inexpensive RCA kit which permits switch- 
ing from diffraction to spectroscopy in less than 
15 minutes. Fully described in the brochure are: 


Console Model Generator—Crystalloflex 
incorporates constant potential and DC power 
supply plus many other advanced features. An 


For your free copy of this informative 


for X-Ray 
Diffraction and 


Spectroscopy 


Laboratories 


easy-access electronic circuit panel is available 
for use with this unit. 


Compact Low-Priced Table Model Generator— 
Crystalloflex Il—an excellent tool for research 
projects entailing a high volume and wide 
variety of film work. Can be operated with up to 
four individually timed cameras simultaneously. 


An unusually complete line of attachments 
and accessories for X-ray diffraction and spec- 
troscopy, including a versatile group of cameras, 
a pole figure goniometer, single crystal layer line 
and micro-fluorescence attachments. 


Contract services on RCA X-ray Diffraction and 
Spectroscopy equipment and Electron Micro- 
scopes are provided through eleven regional 
offices of the RCA Service Company. 


20-page Brochure or for 


a quotation on your requirements, write to: Radio Corporation 
of America, Dept. Z-347, Building 15-1, Camden, New Jersey 


RADIO CORPORATION of AMERICA 


CAMDEN, N. J. 


Tmk{(s) ® 
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“Design Manual for 
High-Strength Steels” 


A 170-page handbook that 
discusses the essential 


with formulas, charts, and 


“USS COR-TEN Steel” 


58 pages devoted 
exclusively to the 
properties and applica 
tions of USS COR-TEN 
High-Strength Low-Alloy 
Steel. You'll be interested 
in the corrosion resistance 
of this remarkable steel. 


“An Introduction to 
USS Stainless Steel” 


This book is about the 
characteristics of USS 
Stainless Steels and 

their applications in many 
different industries. 


principles of structural design, 


tables for High-Strength Steels. 


DESIGN 
MANUAL 


CORTEN 


high shangth 


“USS Stainless Steel 
Fabrication Book” 


Don't shy away from Stainless 
Stee! because of supposed 
fabrication difficulties. It's 
easy to fabricate Stainless 
when the right methods are 
used, and this 130-page manual 
gives much information about 
correct fabrication practices. 


“USS 


A 64-page book about 

“T-1" Steel, the constructional 
alloy steel that combines 
toughness with exceptional 
strength—100,000 psi 
minimum yield strength. 

In addition to engineering 
data, metaliurgical 
characteristics, and 
fabrication practices, 

you'll read outstanding 
case histories of ‘‘T-1" Steel 
in use. 


“USS TRI-TEN Steel” 


The prefix “TRI” was adopted 
for the name of the steel 

in this 32-page book 
because of its three 
predominant alloys— 
manganese, vanadium, and 
copper; and because of its 
three outstanding charac- 
teristics—strength, toughness 
and weldability. 


. — 
pa) 
q 
uss stainlecs steel 
i pt 
| 
Wwe STEEL 


Are you one of the many design engineers 
4 100,000 people engaged in product design have already requested copies of these six 
free books from U.S. Steel. More than 60,000 copies were mailed in 1958 alone. If you 
a design with steel, you'll probably find it worth-while to have your own personal copies. 
They contain almost everything you'll want to know about USS High-Strength Steels, ; 
USS Stainless Steels, and USS “T-1" Constructional Alloy Steel. You'll see how they ee 3 
. reduce weight. . . increase strength .. . minimize corrosion... save thousands of 
dollars in steel costs. Send the coupon for any one or all of these free books. 
USS, COR-TEN, TRI-TEN, and “T-1" are registered trademarks 
(iss) United States Steel 
United States Stee! Be 
Room 6034, 525 William Penn Place Bs 
Pittsburgh 30, Pennsylvania 
“Design Manual for High-Strength Steels” wilt 
) Please send free copies of the books | have checked: A . 
“USS Stainless Stee! Fabrication Book” | 

Title 
Company 

“An Introduction to USS Stainless Steel” [_ | i 
Address 


“USS TRI-TEN Steel” [_ | 


Zone State 


| 
if 


Graphite Resistor Tube 
Furnace 


“Circ-O-Therm™ Laboratory 
Tool-Room Furnace 
with Quench Hearth Oven 


Coke or Ore 
Immersed Electrode Salt 
Testing Furnace 


Electric Endothermic 
Atmosphere Generator 


Gas-Fired Endothermic 
Gas Generator 


Electric Shaker 
Hearth Furnace — Evectric Pusher 
‘ > a Furnace 


= 


“Clean-Line” Automatic Heat 
Treat Unit 


Electric Conveyor Furnace 


Laboratory Muffle Furnace Combustion Tube 
Furnace 


WNALS at 


SUDDENLY, IT’S THE BIG LINE OF 
INDUSTRIAL HEATING EQUIPMENT! 


Industrial Furnaces and Ovens, Electric and Fuel + Laboratory Furnaces * Dry Type Transformers » Constant Current Regulators 
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Electric Box Convection A - 
Furnace aiiag i 
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Electric Draw Furnace A 4 = Fa 
Gas-Fired Salt Pot Furnace ‘ 
Gas-Fired Airdraw Furnace be 
is 


a Gas-Fired Tray 
Loaded Oven 
Double Chamber Dry Hearth Melting 
and Holding Furnace 


Electric Tray 
Loaded Oven 


Two-Chamber Melting and 
Holding Furnace 


Magnesium Melting and 
Holding Furnace 


Double Chamber Aluminum Melting 


Stationary Crucible 
Melting Furnace 


Electric Crucible Holding Mechanically Tilted Crucible 
Furnace Melting Furnace 


It was planned for years...a big, brand new 
plant with the latest production facilities . . . the 
acquisition of several heating equipment com- 
panies ...and suddenly, Hevi-Duty offers the 
largest, most complete line of electric and fuel 
fired furnaces and ovens in the industry. Shown 


and Holding Furnace 


Double Chamber Barrel 
Furnace 


Hydraulic Tilt Iron 
Pot Furnace 


Gas-Fired Crucible Melting 
and Holding Furnace 


here are representative units available. 


Write for complete details. Perhaps that 
expensive “‘custom-built model” you need is a 
standard item or a simple adaptation from the 
big Hevi-Duty line. 


A DIVISION OF = BASIC PRODUCTS CORPORATION 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
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(Continued from page 646) 


major process improvements in 
fields of mineral beneficiation, 
hydrometallurgy, and pyrometal- 
lurgy. Salary, commensurate with 
training and experience, plus lib- 
eral fringe benefits. Location: West. 
S(P)-4645-R. 


Research Metallurgist with B.S. or 
M.S. Must be qualified to deal with 
challenging metallography and met- 
allurgical laboratory practices and 
studies. Prefer a knowledge of pow- 
dered metals. Will assist in research 
and new product development of 
refractory metallurgy. Should have 


knowledge of physical chemistry to 
use advanced equipments, tests, and 
instrumentation. Should also have 
an interest in electrolytic process 
development. For manufacturer’s 
laboratory. Salary, $650 to $750 and 
up. Location: Sen Francisco Bay 
Area. S(P)-4636-R. 


Gold Assayer; Met or ME well 
experienced in gold cyanide milling 
to be in charge of assay and metal- 
lurgical testing to improve mill re- 
covery. For a 16,000-ton-per-month 
gold quartz ore and amalgamation 
facility. Sand and slime cyaniding, 
plus iron and lead flotation. Salary, 


nuclear field. 


techniques. 


RESEARCH METALLURGISTS 
MATERIALS ENGINEERS 
CERAMIC ENGINEERS 


SOLID STATE PHYSICISTS 


Advanced Technology Laboratories currently can offer a 
number of senior and junior grade positions in connection 


with materials research and development programs in the 


Opportunities exist for metallurgists, ceramic engineers and 
solid state physicists to carry out both basic and applied re- 
search in connection with fuel element development pro- 
grams. Materials engineers are needed for several advanced 
reactor design projects. A number of interesting investiga- 
tions are currently in progress covering the fields of mechani- 
cal metallurgy, alloy development, and ceramic fabrication 


Send resume, in confidence to Dean W. Townsend, 


ADVANCED Zechaatoge LABORATORIES 


owision of 


369 Whisman Road, Mountain View, California. 
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$6000 and up. Location: S. America. 
S(P)-4633. 


a) Design Engineers with Min, 
Civ, or ME degree preferred. With 
previous industrial design experi- 
ence in connection with mining, ore 
dressing, and smelting or refining 
plants, equipment and facilities. b) 
Construction Engineer for smelting 
plant. CE or ME with previous ex- 
perience in directing or co-ordinat- 
ing plant construction work, prefer- 
ably in connection with nonferrous 
smelting plants. c) Estimator with 
broad experience in heavy indus- 
trial construction and engineering 
estimating, preferably mining and 
mineral industries. MetE, MinE, or 
ME. Must be qualified to make cost 
estimates on projects, budgetary and 
appropriation estimates, and super- 
vise small group. Salary plus bene- 
fits. Location: West. S(P)-4627. 


Research Engineers with B.S. or 
M.S. in MetE or welding and ex- 
perience in fabrication of ferrous 
and nonferrous light metals. a) One 
with special experience in joining 
problems (welding, brazing, solder- 
ing); b) another with special ex- 
perience in metallurgy of magne- 
sium castings. Work with metal- 
lurgical and metal finishing group. 
Salary, open. Location: Los Angeles 
county. S(P)-4580-R. 


Lead Metallurgist; MetE or ChE. 
Experienced in or aptitude for lead 
smelting for development, research, 
and operation. Salary, $500 or more. 
Location: Midwest. S(P)-4567-R. 


Instrument Designer experienced 
in the design, selection, and applica- 
tion of recording instruments and 
automation systems. With nonfer- 
rous metal concern, including mill, 
mine, and smelter. Salary, $640 to 
$864. Location: N. Mex. S(P)-4535. 


Designer qualified to lay out and 
design machinery, installations, and 
industrial buildings (mills and 
smelters). For engineering dept. of 
operating company. Salary, $539 to 
$727, depending on man. Location: 
Southwest. S(P)-4468-R. 


Mill Superintendent experienced 
in gold quartz metallurgy and opera- 
tion, particularly in  cyanidation. 
Must have a good knowledge of 
Spanish. Mill has a 20,000-ton-per- 
month capacity. Ore treated is gold 
bearing quartz, recovered by amal- 
gamation and cyanidation. A lead 
concentrate is also recovered by 
flotation. Need man by Oct. or Nov. 
to familiarize himself with mill and 
operation. Salary, about $650. Loca- 
tion: S. America. S(P)-4556. 
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HERE ARE 25 DISCRIMINATING 
BUYERS WHOSE OVER 152 ORDERS 
AND REORDERS PROVE COMPLETE 
SATISFACTION WITH THESE TWO 
UNITRON INSTRUMENTS. AMERICAN 
BRASS, BATTELLE MEMORIAL 
INSTITUTE, CARNEGIE INSTITUTE, 
OOW CHEMICAL, E. I. DUPONT, 
GENERAL ELECTRIC, GENERAL 
MOTORS, GOODYEAR ATOMIC, 
1. B. M., MINNEAPOLIS 

HONEYWELL, M. I. T., 

MISSOURI SCHOOL OF 


MINES, MOTOROLA, 
NATIONAL BUREAU OF 
STANDARDS, NATIONAL 
CASH REGISTER, R.C.A., 
REYNOLDS METALS, 
UNION CARBIDE & 
CARBON, UNIV. OF COLORADO, 
UNIV. OF CINCINNATI, UNIV. OF 
WASHINGTON, UNIV. OF WIS- 
CONSIN, U.S. GOVERNMENT, U.S. 
STEEL, WESTINGHOUSE ELECTRIC. 


MODEL MEC 


UNITRON INVERTED Metallurgical Microscope: This compact unit provides many 
of the features usually found only in larger metallographs. Standard equipment 
includes optics for 25-1500X, polarizers, filters, transformer in base, etc. A built-in 
camera attachment for 35mm. photography is included with the binocular and 
available for the monocular model. Extra accessories include Polaroid camera 
attachment, vacuum heating stage and illuminator for transmitted light. Think of 
the time which your laboratory can save by providing each metallurgist with one 
of these handy, inexpensive units for use at his desk. 


Monocular Model MEC $399 Binocular Model BMEC $615 


UNITRON METALLOGRAPH and Universal Camera Microscope: 4 completely self- 
contained instrument of modern design for visual observation, photography, 
projection, and measurement of both opaque and transparent specimens; using 
bright field, dark field, or polarized illumination. Standard equipment includes 
all optics for 25-2000X, polarizers, filters, 3\4’’x 44" camera, and many accessories. 
Also available are camera attachments for Polaroid, 35mm., and motion picture 
photography; vacuum heating stage for temperatures to 1500°C.; and macro- 
objectives (5=-40X). Even laboratories on a limited budget can enjoy the precision, 
speed and efficiency possible only with a complete installation of this type. 


Monocular Model U-11 1195 Binocular Model BU-11 § 1379 
There is a free 10 day trial offer m UNI TRON OF UNITED SCIENTIFIC CO. 


on any UNITRON Microscope. 204-206 MILK STREET, BOSTON 9, MASSACHUSETTS 


er M 


Let the instrument prove its value to you — 
in your own laboratory — before you decide 
to purchase. 


See for yourself why... 
THE TREND IS TO UNITRON 


‘OR THE ASKING 
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REFRESHER COURSES 


® Engineers and managers who re- 
turn to the campus for refresher 
courses pay dividends for employers, 
according to a survey undertaken by 
Prof. Reno R. Cole, University of 
California, Los Angeles. 

Analyzing results of short courses 
given at his school, Prof. Cole found 
that participants made “rapid prog- 
ress” in their organizations after re- 
turning from a refresher course. 
Some “enjoyed salary increases of 
more than 50 pct, . . . advanced three 
to four job levels, and now have 500 
to 600 more subordinates than when 
the course was taken.” 

Those being groomed for greater 
responsibility, men in a specializa- 
tion who incur more general re- 
sponsibilities than require wider 
knowledge, and those who have been 
too busy to keep abreast of develop- 
ments in engineering and manage- 
ment were found to benefit equally 
from such course work. 


®> A history of uranium mining en- 
terprises in the Elliott Lake, On- 
tario, Canada area (see p. 628 in the 
September issue) has been captured 


SALES METALLURGIST 


Challenging opportunity to develop 
sales of heat and corrosion resistant 
castings produced in new high alloy 
division. Metallurgical degree and 
customer contact experience essential. 
Finest living and recreational ad- 
vantages. 

Send complete resume, including sal- 
ary requirements, and photo if pos- 
sible, to 

W. E. Niemack! 
MINNEAPOLIS ELECTRIC 
STEEL CASTINGS CO. 
3800 N. E. Fifth Street 


Mi Pp li 21, Mi in 


on film in A City is Born, produced 
for the Ontario Dept. of Mines. The 
27-min color, sound film shows how 
the influx of mining men and con- 
struction workers transformed the 
area almost overnight. The mining 
operations themselves are treated 
only incidentally, serving as a back- 
drop to the growth of the mining 
community. Available on free loan, 
the film may be ordered by inter- 
ested organizations by addressing 
the Dept. of Mines or the Dept. of 
Planning and Development, Ontario, 
Canada. 


FELLOWSHIPS 


® A doctoral program in metallur- 
gy has just been authorized for the 
University of Arizona. And its first 
participants will be three AIME stu- 
dent members. Edward D. Albrecht, 
Kewanee, IIl., Bruce A. Riggs, Wood- 
land Hills, Calif. and Walter W. 
Walker, Winslow, Ariz., will receive 
$2000 fellowships under terms of 
the National Defense Education Act. 

Under the Act, any accredited in- 
stitution of higher education can ap- 
ply for a new or expanded program. 
At the same time, they may request 
a certain number of graduate fel- 
lowships for students to participate 
in such a program. The dual purpose 
is to assist educational institutions in 
establishing doctoral programs while 
at the same time providing oppor- 
tunities for students who could 
otherwise not afford to continue their 
education. 


BOOKS 


® More than 100 types of equipment 
and techniques for the cleaning and 
preparation of metal surfaces are 
listed in a handbook published by 
the Equipment div., Magnus Chemi- 
cal Co., Inc. The 32 p. booklet des- 
cribes such methods as degreasing, 
decarbonizing, washing, bonderizing, 


Additional classified advertis- 
ing appears on pp. 702, 703, 
704, and 706. 


in the following project areas: 


research experience. 


4301 Perkins Ave. 


METALLURGIST 
PHYSICAL or MECHANICAL 


Interesting opportunities in a closely knit Research and Development Laboratory 


1. Research on Beryllium Alloys and Mechanical Analysis of Air Craft 


and Missile Structural Materials. 
2. Fabrication methods development for wrought Beryllium Components. 
Prefer metallurgist, physicist or mechanical engineer with graduate studies and/or 


Call EN 1-5400 or send complete resume in confidence to: 


J. B. Meyers 
The Brush Beryllium Company 


Cleveland 3, Ohio 


stripping, drying, blackening, phos- 
phatizing, rust proofing, pickling, 
and coating. Copies may be obtained 
without charge by writing the: 
Equipment Division., Magnus Chem- 
ical Company, Inc., Dept. J of M, 
Garwood, N. J. 


® Publication of a technical bulletin 
outlining the safe handling of sulfur 
dioxide has been announced by Mon- 
santo Chemical Co.’s_ Inorganic 
Chemical div. The bulletin is de- 
signed for those engaged in trans- 
porting, storing, or using the chemi- 
eal, and includes. sections on 
containers, unloading, equipment 
care, and leakage and safety pre- 
cautions, It also contains a descrip- 
tion of the physical properties of 
liquid sulfur dioxide, including a 
reference table giving the pressures 
of tne chemical at given tempera- 
tures. 


Copies of the bulletin may be ob- 
tained free by asking for I-173 trom 
the Inorganic Chemicals Division, 
Monsanto Chemical Co., 800 N. 
Linabergh Bivd., St. Louis 66, Mo. 


UNDERGRAD CONFERENCE 


Three AIME student members— 
Donald C. Brillhart, Illinois Institute 
of Technology; James J. Rechtien, 
Purdue University; and Francis A. 
Shunk, Texas Western College—took 
part in the fifth annual Summer 
Conference for Advanced Under- 
graduate Students in the Dept. of 
Metallurgical Engineering at Rens- 
selaer Polytechnic Institute. 


The objectives of the 20-lecture 
program were “to stimulate interest 
in advanced study and research in 
engineering materials . . . emphasize 
the growing importance of sciences 
in the materials field . . . and explore 
the possibilities of an honors gradu- 
ate program for exceptionally able 


students.” 


Dr. Arthur A. Burr, head of metal- 
lurgical engineering at the Institute 
was in charge of the courses on 
modern physical chemistry of mate- 
rials, while Dr. Ernest F. Nippes 
conducted the courses in modern 


materials physics. 


OPENINGS — For Teaching ond 
Research in Solid State and 
Thermodynamics—Kinetics Areas. 
Ph.D. Teaching experience desir- 
able but not essential. Salary and 
academic rank open. Reply to 
Head, Department of Metallurgical 
Engineering, Michigan State Uni- 
versity, East Lansing, Michigan. 
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New highs in efficiency, economy and safety with 


LECTROMELT-DEMAG electric smelting furnaces 


The advanced design of the Lectromelt-Demag smelting 
furnaces assures you of the highest electrical and thermal 
efficiency. For example, electrical losses in the electrodes 
are minimized by low-level electrode clamps. Hydraulic 
compression of contact clamps provides uniform pressure, 
preventing distortion. 

Ease of operation gets similar attention. All operations 
are planned for handling by semi-skilled operators. Fur- 


nace controls are mainly mechanical or automatic, with 
provision for remote control. 

To this efficient Demag design, Lectromelt brings its 
experience in engineering and quality workmanship. The 
result is unmatched economy and dependability in all 
smelting applications. 

For help in adapting electric furnaces to your require- 
ments, contact Lectromelt Furnace Division, McGraw- 
Edison Company, 326 32nd Street, Pittsburgh 30, Pa. 
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FOR THE MOST EFFiciENT MELTING LECtromelt 


Ni-Vee bronze filter cone. Cast by A. W. 
Cadman Mfg. Co., Pittsburgh, Pa. 


Five times longer service expected from Finished and installed in 12” auto- 
matic self-cleaning strainer by S. P. 
Kinney Engineers, Carnegie, Pa. 


Cone made of Ni-Vee’ bronze to last 
5S times longer in acid river water 


The filter cone you see above is being 
readied for work in corrosive Mo- 
nongahela River water. 

That’s why it’s made of Ni-Vee 
bronze. 

Expected life is at least five times 
longer than its predecessor, a grey 
iron cone now badly eaten away. In- 
stalled in a 12” automatic self-clean- 
ing strainer, the Ni-Vee bronze cone 
will give long-lasting support to 
filter elements that remove solids 
from water used for blast furnace 
cooling. 

Another important consideration 
in making this cone was machin- 
ability — all outer surfaces were 
drilled to receive filtering elements. 


Ni-Vee bronze easily met this need. 
Versatile Ni-Vee bronze 


Ni-Vee bronze does a multitude of 
industrial jobs. Five basic bronze 
compositions are available — Ni-Vee 
A, B, C, D, and E. They’re modifi- 
able to meet all industrial needs for 
brass and bronze constructional, 
pressure or bearing castings. 

All the Ni-Vee bronzes deliver ex- 
cellent “as cast” strength, improv- 
able with heat treatment. (For 
example, Ni-Vee A bronze yield 
strength can be increased from 22,- 
000 psi as cast, to 55,000 psi!) In ad- 
dition, they supply easy castability, 
low shrinkage, pressure tightness, 
fine grain size and overall economy. 


Each Ni-Vee bronze provides spe- 
cial properties. Type A gives extreme 
strength. Type D furnishes very 
high resistance to seizure and galling. 
All types show little dezincification 
or stress corrosion under corrosive 


attack. 
Informative booklet 


on Ni-Vee bronzes 

“Engineering Properties and Ap- 
plications of Ni-Vee Bronzes” covers 
alloy compositions, strength proper- 
ties, resistance to high temperatures, 
corrosion, wear, along with other 
helpful information. Write us for 
yeur copy. “Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street Aiea, New York5, N.Y. 


NI-VEE BRONZES 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Chinese estimates revised 


Speaking before the National Assembly 
of China, Chou En-Lai recently announced 
that the economic plan for 1959 would 
meet with “a general reduction of its 
goals.” He explained that the goals set for 
1959 were excessive, and due to inexperi- 
ence in planning. Chou said: “It does not 
fit any longer to equate the production of 
steel this year with that of the UK. In 
place of 18 million metric tons, the goal 
of the plan has been changed to 12 mil- 
lion, or a reduction of 33 pct.” At the same 
time, the Politburo spokesman admitted 
that 1958 steel production was 8 million 
metric tons, not 11 million as previously an- 
nounced. (The March, 1959 issue of Jour- 
NAL OF METALS, p. 183, cited the New China 
News Agency in saying that its 10.7 mil- 
lion metric ton goal had been exceeded. 
“Whether or not there has been any con- 
fusion between steel and iron production 
statistics is impossible to say,” the article 
noted, “but the initial 1959 target for steel 
is 18 million metric tons.”) 

The announcement also brought forth a 
failure in the goals of Red China’s so- 
called “back-yard furnaces.” The move to 
produce steel with these low-shaft fur- 
naces has been abandoned permanently. 


USBM plans extensive research 


Plans for the US Bureau of Mines’ 
1959-1960 fiscal year pose an extensive re- 
search program with a vast array of 
metals. Following is a sampling of the 
work to be undertaken: 


Columbium and Tantalum: Accelerated 
columbium-tantalum research will probe 
low-grade domestic raw materials as 
sources of the two metals. Kroll-process, 
bomb-reduction, and fused-salt electro- 
refining studies will be expanded, and 
new work begun on preparing columbium 
by thermal decomposition, using a method 
similar to the van Arkel-deBoer iodine 
process. The Bureau is also continuing 
studies in the physical metallurgy of 
columbium to determine mechanical 
properties. (The Hudson-Mohawk section 
of AIME is planning a symposium on co- 
lumbium for 1960. See story, p. 702.) 


Chromite: Beneficiation studies empha- 
sizing chemical treatment, electric-fur- 
nace smelting, and flotation techniques in 
domestic low-grade  chromite-bearing 
materials is also on the docket. Other 
work is to include research on recovering 
chromium from laterites and serpentines 
by hyro- and pyrometallurgical techni- 
ques. 


Bauxite, alumina, and aluminum: Eco- 
nomic processes for producing aluminum 
from low-grade domestic ores is the goal 
of Bureau of Mines researchers. Several 
methods for recovering alumina from 
non-bauxitic raw materials will also be 


analyzed. Improvement of bauxite recov- 
ery in mining will be facilitated by labo- 
ratory tests of a strain gage carrier and 
other instrumentation devices. 


Nickel-Cobalt: The difficult task of sepa- 
rating nickel from cobalt will occupy re- 
searchers at the Bureau this fiscal year. 
The preparation of high-purity metals and 
methods for recovering nickel and cobalt 
from high-alloy scrap materials will also 
be undertaken. 


Lead and Zinc: The Bureau of Mines lead 
and zine program will stress recovery 
from oxidized ores and sulfide slimes. 
Various reagents will also be tested, in- 
cluding surfactive organic chemicals. Syn- 
thetic organic polyelectrolytes and non- 
ionic flocculents will be tested in connec- 
tion with flotation and the possible con- 
centration of slimed sulfides in a hydraulic 
cone. 


Mercury: Extracting mercury from do- 
mestic ores and concentrates by leaching 
is the Bureau’s goal. In addition to ana- 
lyzing factors that influence dissolution of 
cinnabar—mercury’s principal ore—met- 
allurgists there will evaluate the use of 
electro-osmosis for forcing a _ solvent 
through rocks. By this they hope to 
achieve in-place leaching, with concur- 
rent deposition of pure mercury for solu- 
tion. 


Rare-earth metals: Research in electro- 
lytic reduction of rare-earth metals will 
be redoubled this fiscal year. The Bureau 
will also try solvent-extraction and ion- 
exchange techniques in striving for 
continuous recovery techniques. High- 
purity cerium and other rare-earth metals 
with alloy uses will continue to be in- 
vestigated for physical properties. 


Beryllium: Bureau metallurgists will con- 
duct mineral-dressing tests, seeking re- 
covery of beryl by various methods, in- 
cluding flotation. A small experimental 
flotation plant will be built this year for 
that purpose. Beryllium concentrates ob- 
tained from ore-dressing studies will be 
reduced to salts and then to metal in 
bureau laboratories. Bureau of Mines 
sources indicate that the world produc- 
tion of waste-free beryllium was 7000 
tons in 1958. The US produced 463 tons 
and imported 4599 tons, while 6002 tons 
were consumed in all. 


Titanium made electrolytically 


The Norton Co. has developed a system 
for producing titanium electrolytically 
which is expected to cut costs. The pro- 
cess is also being used to produce colum- 
bium, vanadium, chromium, zirconium, 
thorium, tungsten, tantalum, hafnium, 
and molybdenum. Applied to titanium, 
the electrolytic process uses raw titanium 
carbide which is about 80 pct Ti. 
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To smelt mountain top 


Nimba, a Liberian mountain, is in for 
a king-sized head shrinking in order to 
appease the appetites of the world’s iron 
smelters. Plans are underway to shear off 
the entire peak—at least 250 million tons 
of 66.5 pet iron ore. Geologist’s estimates 
make Nimba and the Nimba range from 
which it comes one of the world’s biggest 
iron ore deposits. Bethlehem Steel Corp. 
has agreed to contribute an undisclosed 
percentage of the $200 million needed to 
finance the project, in return for 25 pct of 
the profits. 


Kennecott revamps smelter 


Kennecott Copper Co.’s Utah Copper 
div. smelter is in for a $10 million im- 
provement and modification program. 
Western Knapp Engineering Co. will 
undertake the engineering of the project, 
which will include conversion of the pres- 
ent pre-roasting process to a direct smelt- 
ing one . . . modernization of its materials 
handling system .. . installation of new 
waste heat boilers... and enlargement 
and modernization of its three reverbera- 
tory furnaces. Suspended brick roofs will 
replace present sprung arch, silica-brick 
roofs on the furnaces. 


Kaiser joins Indian company 


Hindustan Aluminium Corp., Ltd., is 
the offspring of a merger between Kaiser 
Aluminum & Chemical Corp., and the 
Birla interests in India. Plans are under- 
way to construct and operate a 20,000- 
metric-ton aluminum plant at Rihand in 
Uttar Pradesh province in Central India. 
Bauxite and alumina byproducts will also 
be produced. 

Cost of the project is estimated at $30 
million. Kaiser Aluminum’s interest will 
comprise approximately 27 pct of the 
company. The Birla group of companies 
is one of the largest private industrial 
organizations in India. 


Tantalum research grant given 


A contract for research and develop- 
ment of tantalum and tantalum-tungsten 
metal alloys for nozzles and other parts 
in solid fuel rocket propulsion systems 
has been awarded National Research Corp. 
by the US Navy Bureau of Ordnance. The 
contract is aimed at developing strong, 
erosion-resistant materials capable of 
operating at the extreme temperatures 
existing in the severe environments of 
solid fuel systems. One promising tanta- 
lum-tungsten alloy already tested by Na- 
tional Research exceeds by three times 
the tensile strength of tantalum at 400°F, 
and is easily fabricated for production of 
missile parts. 


Develop sulfur-copper alloy 


The Bridgeport Brass Co. has developed 
a new sulfur copper rod alloy which 
compares to the generally used leaded or 
tellurium copper rod. The new alloy con- 
tains 0.3 pct sulfur. Applications for the 
new alloy are seen in electrical mechan- 
isms such as switch parts, transistor bases, 
electronic components, screw machine 
items, and others. 


Magnesium missile metal 


Magnesium is under consideration as a 
missile and space vehicle construction 
material. According to researchers at the 
Cryogenic Engineering Laboratory of the 
National Bureau of Standards, the metal 
stands up well when subjected to low 
temperatures, down to —425°F. The six 
magnesium alloys tested compared favor- 
ably, on a strength-to-weight basis, with 
stainless steel, nickel, and copper alloys. 


Krupp-Renn kiln operating 


The first of six rotary kilns is operating 
at the Krupp-Renn plant, Essen-Borbeck, 
Germany. The kilns are being built by a 
group of steel concerns. An on-the-spot 
account will be given in the November 
JOURNAL OF METALS. 


France tries direct reduction 


Direct reduction processes are currently 
on trial at two places in France. Le Nord 
Industriel reports. Forges et Ateliers de 
Creusot is putting the RN process to work 
at Miramas (Bouches-du-Rhéne). They 
are accomplishing it with hydrogen from 
oil refining operations there, it is noted. 
Meanwhile, the Société Métallurgique de 
l’Adour is using natural gas from Lacq 
in its H-Iron tests at the Forges de |l’Adour 
plant at Boucau (Basses-Pyrénées). 


Hi-temp metal production upped 


Sylvania Electric Products, Inc., has 
served notice that it will expand produc- 
tion of molybdenum, tungsten, and other 
refractory metals used in ultra-high tem- 
perature applications, such as rockets, jet 
engines, and industrial furnaces. 

A 16-ton isostatic press has been instal- 
led at its Chemical and Metallurgical div. 
headquarters in Towanda, Pa., to produce 
ingots up to 4 ft 10 in. in diam. A large 
high-temp sintering furnace is also being 
installed which will permit production of 
ingots weighing more than a ton. 
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the new Leitz MICR O-ME TALLOGRAPH 


engineered specifically for modern industry 


Availability of a Le Chatelier type LEITZ MICRO-METALLOGRAPH has been eagerly awaited by 
industrial scientific laboratories. With this new instrument, precise details of metallurgical speci- 
mens may be viewed simultaneously on the 30” projection screen as well as through the binoc- 
ular observation tube. The newly-developed, powerful XENON lamp provides ample illumination 
to permit observation in a normally lighted room. Photomicrography of specimens is quickly 
and easily accomplished with pre-aligned 5” x 7” camera or, if desired, a Polaroid-Land 4” x 5” 
camera back. Engineered specifically to meet the needs of the modern, metal working industry 
the new LEITZ MICRO-METALLOGRAPH “sets a new standard for metallurgical observations.” 


e Inverted microscope stand with mechanical stage, coarse and fine focusing 

e@ Xenon lamp with 7 filters in push-button, quick-change mounts 

@ Eye pieces with 30% wider field, in binocular tube 

@ New, “Plano,” flat-field objectives from 3.2 to 160x 

@ Projection and viewing screen in cast housing, 30” diameter 

@ Special 5”x7” camera with adaptor for attaching Polaroid-Land 4” x5” camera back 


See this new instrument at the National Metal Exposition, Cleveland (Ohio) Public Auditorium, booth number 
1326, North Exihibit Hall, Oct. 27-31. 


E. LEITZ, INC., Dept. JM-10 
468 Fourth Avenue, New York 16, N. Y. 

Seitz Please send me additional information on the new MICRO- 
METALLOGRAPH, Model MM. 


FIRST IN PRECISION OPTICS Name 


— Street 


©. LEITzZ, Inc... 468 FOURTH AVENUE. NEW YORK 16. N.Y. 
Orstributors of the woritd famous products oft 
Ernst leitz Gm Wetziar, Germany Ernst Leitz Canada ttad 
LEICA CAMERAS - LENSES - MICROSCOPES - BINOCULARS 
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PERFORMANGE PAYS 


MOR 
EJECTOR 


RECENT INSTALLATIONS 


Ejectors—Steel Mill Installations 


Sheffield Steel Corp. Various Plants 2 
Republic Steel Corp. Various Plants 7 
Northwestern Steel & Wire Co. Sterling, tll. 2 
U.S. Steel Corporation Various Plants 4 
Carpenter Steel Reading, Pa. 1 
Cameron Iron Works Houston, Texas 8 
Bethlehem Steel Corp. Lackawanna, N.Y. 6 
Heppenstall Company Indianapolis, Ind. 3 
Midvale-Heppenstall Nicetown, Pa. 1 
Missouri Rolling Mill Corp. St. Lovis, Mo. 1 
Colorado Fuel & Iron Buffalo, N.Y. 1 
Atlantic Steel Company Atlanta, Ga. 1 
Northeastern Steel Bridgeport, Conn. 1 
American Locomotive Co. Latrobe, Pa. 1 
Youngstown Sheet & Tube Co. Various Plants 5 
Inland Steel Co. East Chicago, Ind. s 
Jones & Laughlin Pittsburgh, Pa. 3 
Lae Consolidada Mexico 1 
Phoenix Iron & Steel Co. Phoenixville, Pa. 2 
South African Iron & Steel South Africa 2 
Yawata Steel Co. Japan 1 

68 


ORGAN 


WORCESTER MORGAN CONSTRUCTION COMPANY 


ROLLING MILLS MORGOIL BEARINGS WORCESTER, MASSACHUSETTS 
WIRE MILLS GAS PRODUCERS EJECTORS cccsa 
REGENERATIVE FURNACE CONTROL 
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editorial 


After 1965, What? 


Throughout the pages of this issue there is a debate going on, 
and it is indeed a timely one. It centers on metallurgical educa- 
tion in general and materials engineering in particular. Certain 
industrial groups, you might even say a small but vocal minor- 
ity, have raised a cry for men knowledgeable in the structure 
and properties of all engineering materials. Their need for such 
men is real, but the demand for men trained along more tradi- 
tional lines in metallurgy remains. Thus, this becomes one more 
pressure exerted upon the school and colleges, one more factor 
to be taken into account when departments of metallurgy ex- 
amine their curricula. Our metallurgical schools have always 
tried to meet the demands of industry—which has never been 
reticent about expressing its desires. But the pressure has been 
especially strong in the past ten years, as a large portion of the 
metals industry has swung from being producer-oriented to 
consumer-oriented. In other words, where a product used to be 
designed within the limitations of the materials available, it is 
now designed to operate under specified conditions, and indus- 
try is assigned the task of coming up with a material that will 
do the job. What we thought was the tail is now wagging what 
we thought was the dog. 

The argument is a timely one in another sense also, one that 
affects every member of the Society rather than just college 
professors and defense contractors. The question is this: Should 
The Metallurgical Society change to meet this new demand, and 
if so, how? Other societies are not wasting time in this area—the 
American Society for Testing Materials is well on the road to 
founding a Materials Science Division; a group known as the 
Society of Aircraft Materials and Process Engineers (SAMPE) 
now has five regional chapters and seems inclined to broaden 
both its geographical coverage and its present rather narrow 
scope. 

In our long range thinking, should we envision mergers, per- 
haps one society which covers the production, processing, and 
science of all engineering materials? Or, considering the draw- 
backs attendant upon meetings of such colossus societies as ACS, 
and AAAS, should we direct our thinking toward a larger num- 
ber of smaller groups, with joint meetings and free exchange of 
information in areas of overlap? We must consider problems of 
information storage and retrieval, and the amount of time a 
research or production man can profitably spend disseminating 
and gathering technical information, for these problems go to 
the very heart of any professional society’s functions. 

It is time for serious, and let us hope prophetic, thought. 


J.J. Burke 
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OF A GUIDED MISSILE 


This is a missile-borne transmitter. It is the “‘voice’ 
of a missile in flight . . . part of a new radio-inertial 
guidance system developed by Bell Telephone Labo- 
ratories for the Ballistic Missile Division of the 
Air Force. 


This versatile system helped deliver the nose cone 
of a Thor-Able test missile precisely to its South 
Atlantic target area—5000 miles from Cape Canav- 
eral, Florida. So accurately was the nose cone placed 
that a waiting group of ships and planes retrieved it 
in a matter of hours. It was the first nose cone ever 
to be recovered after so long a flight. 


The command guidance system which made such 
accuracy possible combines precision tracking radar 
with a special Remington Rand Univac computer. 
Fed a steady stream of signals from the missile- 
borne transmitter, the ground-based equipment com- 
pares the missile’s flight path with the preselected 
path. Corrective steering orders are computed and 
transmitted automatically to the missile. The ground 


Edwin Felch, project director in charge of developing the 
Titan guidance system, holds the “voice” of the ICBM. 


station monitors the progress of the flight continu- 
ously and obtains immediate evaluation of mission 
success. And since the principal control equipment is 
kept on the ground, expendable hardware in the 
missile itself is rninimized. 


This radio-inertial guidance system is a product 
of the Bell Laboratories-Western Electric develop- 
ment-production team. It is in production at Western 
Electric for the first operational squadrons of the 
Titan intercontinental ballistic missile. 


Bell Labs scientists and engineers developed the 
world’s most versatile telephone network and much 
of our nation’s radar. They have constantly pio- 
neered in missile systems. From their storehouse of 
knowledge and experience comes this new achieve- 
ment in missile guidance. 


BELL TELEPHONE LABORATORIES 


World center of communications research 
and development 
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personals 


D. A. Rhoades has been named pres- 
ident and chief executive officer of 
the Kaiser Aluminum & Chemical 
Corp., subsidiary of Kaiser Indus- 
tries Corp. With Kaiser for 32 years, 
Mr. Rhoades was formerly vice pres- 
ident and general mgr of the sub- 
sidiary. 


John G. McMullin is now supervisor 
of Structural Alloy Research in the 
Central Research Laboratory of 
Crucible Steel Corp. of America. He 
resigned his position as supervisor 
of Metallurgy Applied Research, 
Turbine dept, General Electric Co., 
Schenectady, N. Y., to accept the 
post. 


C. H. Toensing has joined the Firth 
Sterling powder metallurgy research 
staff. Dr. Toensing was previously 
associated with the Lamp Metals 
and Components dept, General Elec- 
tric Co. 


Charles R. Funk is now chief metal- 
lurgist of the Eastern div. of Col- 
orado Fuel & Iron Corp. Prior to 
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lurgy and Engineering at 
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Murray T. Stewart has joined the 
staff of the International Nickel Co. 
Research Laboratory at Bayonne, | 
N. J. There he is a member of the You may never need more than the basic 50-to-200 lb. 
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Research Establishment. Co-author | other pumping system. Similarly, with the 
of many papers on high temperature 
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Richard J. Quigg recently received 
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Technology. He is now employed as a it. You pay only for what you need, 
research metallurgist for Thompson 

Ramo Wooldridge, Inc., Cleveland. 
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Union Carbide Metals Co., div of 

Union Carbide Corp. Before his new 

appointment, he was mgr of the 
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Steel Federation, recently 
awarded his Ph.D. in metallurgy 
from Sheffield University. 
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steel... 


solves stamping problems 


The cold formed stampings illustrated above are made from Great Lakes’ 
Steel Corporation’s GLX-W series of columbium steel. It clearly demonstrates 
the possibilitics that are available to designing engineers. Here can be found 
high yield strength, with its possible weight reduction, good weldability and 
satisfactory impact properties. To be able to cold form these parts demonstrates 
the excellent properties to be had and points to possible production savings. 

Molybdenum Corporation, through its own basic research and in close cooper- 
ation with various steel companies, has pioneered in the application of columbium 
to flat-rolled steels. For technical assistance in adapting these steels to your 
production, consult direct with your steel supplier or address your communica- 
tion to MCA. No obligation, of course. 


2 Gat Cent CORPORATION OF AMERICA Pittsburgh 22, Pa. ICA 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Seles Representatives: Brumley-Donaldson Co., Los Angeles, San Francisco 


Ch 


gsten, Inc., 
Plants: Washington, Pa., York, Po. 
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TOMORROW'S MATERIALS 


A distinguished metallurgist looks to the present work in physics and 
physical chemistry to predict the materials that materials researchers will 


turn out in the near future. 


by W. R. Hibbard, Jr. 


ODAY, most of the important new systems and 

devices in the field of technology depend upon the 
use of new and unusual materials in critical func- 
tions. Travel in space, new sources of energy and 
energy conversion, and new techniques for the com- 
putation and storage of information are three im- 
portant examples. Accomplishment of each of these 
tasks depends upon materials not available today, 
but today’s science will lead to these new materials 
required for tommorrow. 

In order to understand the situation fully, we 
should trace some of the historical aspects of the 
science of materials. Examination of the literature 
reveals that yesterday’s science of materials was 
primarily dominated by the producer. Materials 
made available through the producer’s efforts were 
more than adequate to meet the existing need. More 
recently, and particularly during the past few 
years, the consumer, especially the government and 
its agencies, has been faced with the situation 
wherein commercial materials will no longer ade- 
quately meet all the needs created by new tech- 
nological advances. As a result, there has been a 
gradual swing from a producer-dominated to a 
consumer-dominated science of materials. 


Shift in material demand 


This point is well illustrated by sampling the 
literature at ten-year intervals for the last forty 


W. R. HIBBARD, JR., is manager, alloy studies, General Electric 
Research Laboratory, Schenectady, New York. This paper was given 
originally at the conference entitled, “The Undiscovered Earth,” 
sponsored by the Southern Research Institute, Birmingham, Alo. 
Proceedings of the conference are available from that organization. 


years in the fields of metals, ceramics, solid state 
physics and physical chemistry. Tables of contents 
of the following journals were analyzed: 1) the 
TRANSACTIONS of the Institute of Metals Div. and 
the Metallurgical Society of AIME, 2) the Solid 
State Physics Sessions of the American Institute of 
Physics, 3) the Journal of the American Ceramic 
Society, and 4) the Journal of Physical Chemistry. 
The analyses were made for the years 1918, 1928, 
1938, 1948 and 1958. 


Contents of papers from these sources were cate- 
gorized into 1) basic science—investigation with no 
apparent commercial application, but aimed at 
understanding basic or fundamental phenomena; 2) 
applied science—where basic or fundamental studies 
of known materials and processes could have com- 
mercial value and; 3) development aimed at im- 
proving existing materials and processes. In addi- 
tion, there is another division, related to the type of 
material; for example, unusual elements such as 
titanium, zirconium, columbium, and _ rhenium, 
which are less available and more expensive than 
the standard producer materials, such as steel and 
copper. 


Fig. 1 represents a survey of the metallurgical 
literature taken from the Institute of Metals Division 
and illustrates the progress over this 40-year period. 
A trend toward relatively fewer development 
papers aimed at improving the properties of exist- 
ing materials and, simultaneously, an increase in a 
number of papers concerned with basic science is 


EDITOR’S NOTE 


Throughout the pages of this month’s issue are pictures of the actual buildings where metal- 
lurgy is taught at various colleges and universities across the nation. We could not get them all 
in, but we think that a representative sample is pictured, and we hope that your school is 
among them. 
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obvious. In addition, Fig. 2 illustrates the appear- 
ance and subsequent increase in the number of 
papers concerned with exotic metals, and finally in 
1958 a significant number of papers in the metal- 
lurgical literature were concerned with non-metals. 
In particular, this trend represents a swing from 
convergent research with material-oriented papers 
concerning such things as the properties of steel or 
the properties of copper, toward devergent research 
leading to phenomena-oriented papers concerned 
with such things as fracture, deformation, the science 
of strengthening metals, and the kinetics of the re- 
actions which occur in metals. 


Consumers push basic research 


The trend to basic research appears to be the re- 
sult of consumer requirements. In 1948, there was a 
substantial amount of government sponsored re- 
search in the universities, and this continued to 
expand in 1958, both in the universities and in in- 
dustry. Also, an expanding amount of industrial 
research was carried out in consumer industry 
laboratories in 1948 and 1958. Finally, there is an 
increasing amount of industry sponsored research 
in university laboratories. In short, this represents 
a growing amount of consumer-oriented research 
with a basic approach stimulated by the govern- 
ment and by industry. The stimulation is derived 
through a new emphasis of consumer devices that 
replaces, in part, the stimulation from materials 
properties and processing. The government, through 
its various agencies, has contracted with the univer- 
sities as its source of basic research, and the con- 
sumer industries have established their own basic 
research laboratories. 

As in the past, the basic science leading to the 
solution of the materials problems derives its stimu- 
lation primarily from scientific opportunity. This 
scientific opportunity has as its source a desire to 
understand the behavior and the phenomena as- 
sociated with materials, and stems from the funda- 
mental sciences of solid state physics and physical 
chemistry. On the other hand, this scientific op- 
portunity may result from the material needs of 
our rapidly moving modern society. 


Sources of metallurgical research 

We may return to our literature studies to analyze 
the sources of scientific opportunity coming from a 
desire to learn and understand. In Fig. 3, there are 
three vertical columns, the left one representing the 
solid state physics literature, the center one repre- 
senting the metallurgical literature, and the right 
one representing the physical chemical literature. 
For each of the years indicated, there are listed 
several pertinent scientific topics that were found 
in the literature for that year. 

By looking down these columns, one may deduce 
that the atomic structure work appearing in the 
metallurgical literature in 1928 has as its source a 
scientific opportunity stemming from the atomic 
structure work appearing in physics literature 
previously. Similarly, in 1928 the work on phase 
diagrams appearing in the metallurgical literature 
probably stemmed from work in physical chemistry 
in the same subject in prior years. As we pass down 
through the years, we find that the work on semi- 
conductors appeared in the solid state literature in 
1938 and in the metallurgical literature between 
1948 and 1958. Work on dislocations appeared in 
the solid state physics literature in 1948 and sub- 
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sequently in the metallurgical literature. The work 
on oxidation and gas-metal reactions appeared in 
the physical chemical literature as a forerunner to 
the metallurgical literature. Thus, the metallurgist 
has been able to look to the scientific disciplines of 
physics and chemistry for stimulation and for 
understanding that could be applied to the solution 
of scientific problems in his field. 


Tomorrow's scientific advances 


To follow this extrapolation to the present and 
into the future, one may look at the physics and 
chemical literature of today to find important and 
exciting scientific areas which may lead to the 
solution of our materials problems of tomorrow. In 
the physics literature of today, we find a great deal 
of scientific activity concerned with electronic be- 
havior, the very important phenomena associated 
with conduction. We also find important scientific 
activity associated with nuclear behavior, defect 
structures, and surfaces. These subjects, of course, 
are related to radiation damage, to surface phe- 
nomena such as oxidation and corrosion, and to tiny 
bits of matter such as whiskers with large surface- 
to-volume ratio. If we look to the current physical 
chemical literature, we find activity on subjects 
such as the physical chemistry of very high tem- 
peratures, which is, of course, related to the im- 
portant high temperature containment problem. We 
also find activity in the field of very high purity 
materials, which will be related to understanding 
special materials properties. 

It is obvious that scientific opportunity in these 
areas may also be related to the material needs of 
society in a rapidly advancing technological age. 
There are many important areas in which advance 
is limited by materials. For example, the rocket and 
satellite field is looking to materials research for the 
solution to problems of thermal protection and high 
temperature electronic devices for instrumentation 
and control. High temperature fuel elements are 
important to fission. The important computer and 
information storage developments need micromin- 
iaturization, i.e., materials that can be utilized in 
very small devices. There is also the important area 
of energy sources and energy conversion. The de- 
velopment of fusion, for example, faces a contain- 
ment problem. The application of thermoelectric 
power depends very strongly on our ability to de- 
velop new thermoelectric materials with a high 
efficiency. Utilization of magnetohydrodynamic 
power is limited by materials for containment of 
very high temperatures. Tomorrow’s materials will 
meet all of these challenges—through a firm foun- 
dation in today’s basic research. 

Basic research can only be stimulated by scien- 
tific opportunity, and not simply by the assignment 
of problems under the pressure of crash programs. 
The technological pressure technique is largely used 
by the Russians, but one cannot produce the scien- 
tific advancement to solve these problems simply 
by turning the faucet on the dollar supply line, al- 
though money is essential to all research. One must 
gather together outstanding scientists with a mis- 
sion to do fundamental work under the stimulus of 
scientific opportunity. They must work in scientific 
areas related to these vital materials problems and 
they must possess a mechanism for recognizing the 
solution to these problems as they develop from 
the scientific efforts. Certainly such arrangements, 

(Continued on page 670) 
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in the long run, will lead to the rapid and effective 
solution of those problems requiring new materials 
for tomorrow. 


The metallurgist as materials engineer 


The metallurgist was probably the first materials 
man to recognize the importance of solid state 
physics and physical chemistry to his science. From 
the turn of the century, metallurgy has been per- 
formed by people trained and inspired by the physics 
and physical chemical field. Very early, these 
people recognized the importance of atomic and 
crystallographic phenomena, On the other hand, if 
one looks through the ceramic literature, for ex- 
ample, he will find that in the 1920’s and 1930’s the 
ceramists were concerned with natural polyphase 
materials usually bonded with glasses or clays. The 
science supporting the development of these mate- 
rials was primarily limited to phase diagrams, 
which were rather extensively developed and ele- 
gantly utilized. The important properties were con- 
trolled primarily by the melting temperatures. Dis- 
continuously in the 1950’s, under the stimulation of 
consumer device requirements, a whole new class 
of ceramic materials appeared, namely the single 
phase, polycrystalline, essentially pure chemical 
compounds, such as ferrites, oxides, and titanates. 
The impact of these new materials was to change 
the whole meaning of the term ceramic. 

Thus, the ceramist joined forces with the metal- 
lurgist and his experiences in the chemistry and 
physics of structures to attack the new problems 
associated with structure-sensitive properties. As 
a result, in the 1950’s the ceramist looked inten- 
sively at the phenomena relating structure to be- 
havior that the metallurgist utilized as early as 
1928. Thus, one can use metallurgy as a prototype 
illustrating the sort of advances which will occur 
very, very rapidly in the ceramics field in the 
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future. In fact, many of the people working in this 
field today were trained in disciplines of physics, 
chemistry, and metallurgy. 


Metallurgy is applied physics 
and physical chemistry 


At a symposium on the Structure and Behavior of 
Matter last Fall, there were representatives from 
several materials fields: polymers, concrete, wood 
products, adhesives, ceramics, electronic solids, and 
metals. After considerable discussion of the scien- 
tific problems that are limiting these fields today 
and the materials problems that must depend upon 
scientific advancement for their solution, it was 
agreed that the metallurgist was a pioneer in the 
application of physics and physical chemistry to the 
solution of materials problems, and that the other 
disciplines were just beginning to utilize these ap- 
proaches. A good example is Professor Herman 
Mark, who is working in the field of polymers at 
Brooklyn Polytechnic Institute now. Back in the 
1920’s, he was doing research on metals using the 
same approaches that he is using on polymers today. 
Thus, we can look at the rather slow development 
over the past 40 years in the field of metallurgy as 
an example of the type of developments that will 
occur very rapidly in the next five to ten years in the 
fields of polymers, concrete, adhesives, wood prod- 
ucts, and ceramics; and the important sciences of 
physics and physical chemistry today will lead to 
new and exciting materials in all of these fields 
tomorrow. These materials will result from scientific 
opportunity and from an awareness of the vital 
materials problems stemming from the needs of 
today’s society in its technological competition. It 
is important that we all appreciate the need for this 
science, support it whole heartedly, and be willing 


and ready to use it. 
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OST discussions of metallurgical education 
deal with ways and means by which certain 
objectives may be attained, usually relating to 
rather specific details—organization of courses, 
course content, instructive experiments, introduc- 
tion of recent findings of research, minor courses in 
related fields, and so forth. Although some reference 
to matters such as these must necessarily be made, 
the main purpose of these remarks is to examine 
the status of metallurgical education as it is today, 
and as it may become in the forseeable future. This 
is a timely subject, particularly in view of the some- 
what fanciful and even immoderate ideas abroad 
today which concern the whole field of engineering 
education, and which are beginning to affect metal- 
lurgical education. 

The word orthodoxy in the title means metallur- 
gical education as it used to be, and to some ex- 
tent still exists in some places; the word heterodoxy 
is intended to represent the most extreme of the new 
ideas. We must find our best position between these 
two extremes, neither comfortably, lazily, resting in 
the old orthodoxy, nor in a state of excitement ac- 
cepting every new idea without full thought. Both 
extremes are damned with irresponsibility. The old 
orthodoxy, as represented by what metallurgical 
education was, say, some 25 years ago, is now almost 
gone, and the type of metallurgical education we 
have now in the best schools may be taken by 
some as representing a new orthodoxy that needs 
some touch of heterodoxy to progress. The diffi- 
culty is in the word towch—how far should one go 
along wholly new paths? The famous slogan appeals 
to all of us, that “the heterodoxy of today becomes 
the orthodoxy of tomorrow,’’—but like most slogans, 
all of them dangerous, it invites careless ideas of 
progress and needed action. My theme, then, is 
how can current successful orthodoxy, which could 
be characterized as conventional wisdom, to use 
Galbraith’s phrase, escape, as time goes on, the 
blight of a too-viscous earthly adherence to what 
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ORTHODOXY, HETERODOXY, AND 
METALLURGICAL EDUCATION 


A distinguished metallurgist and educator discusses the old and the new in 
metallurgical education, and suggests a course of moderation to be followed. 


by Robert F. Mehl 


we now think and do, however successfully— 
without breaking all bonds, flying unguided into 
the thin clouds of educational fancy. 


Boundary conditions 


In searching out a rationale for undergraduate 
teaching, it is of first importance to observe that 
the problem is subject to several boundary condi- 
tions that are quite clear. If we do not observe them, 
we shall go astray. The educational analytical prob- 
lem will vary from school to school, most particularly 
from the large school to the small school: from 
schools that try to serve the metallurgical profession 
at large (and these constitute the larger and well- 
known schools) to schools that set very limited ob- 
jectives—schools that minister to specific industries, 
or afford training in preparation for graduate work 
only, to take two examples. 

Here, we will consider only those schools that 
take the whole of the profession of metallurgical 
engineering as their field of endeavor. 

The boundary conditions mentioned above are 
of extreme importance. If we can define these 
boundary conditions successfully, the problem of 
striking a proper educational attitude should be 
easier, and we may indeed in this manner largely 
describe what the nature of undergraduate educa- 
tion should be. 

The first of these boundary conditions is this: that 
about seven-eights of all graduates do no advanced 
study, or so little that this is relatively unimportant 
in the argument. An educational institution cer- 
tainly must provide a suitable curriculum for such 
students. Such graduates procure jobs in industry, 
they become in large part operators and in time 
managers in industry, and the needs in training are 
defined and fixed by this circumstance. No educator 
determines the needs of the student in the job he 
will take; though the educator must possess the 
gift of foresight so that he may provide training for 
industry as it shall be in a reasonably foreseeable 
future rather than as it is today—students do live 
longer than their professors, and have that superb 
prospect—a long future! The professor himself can 
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not determine that future through his own special 
professional interest in his subject. To take a single 
example, if a professor, through an overwhelming 
interest in nuclear metallurgy, believes that a 
course in that subject should be required of all 
students, he does so at his peril—and that of his 
students. Analysis of large companies has shown 
that only 1 or 2 pct of all metallurgical graduates 
at the bachelor’s level are engaged in this subject. 
This example could be multiplied by many others, 
all of very minor importance in the general prob- 
lem of curriculum-forming. The kinds of jobs grad- 
uates take spread over an unbelievably wide spec- 
trum—over every aspect of the metal-producing 
and mefal-using industries. The school does not 
direct this result—industry and the student deter- 
mine it. It is a fixed boundary condition, and the 
educator has no choice but to observe it. Nor should 
a particularly vocal segment of industry be taken 
as representative of the spectrum of employment. 
Any given employer might wish for men more nar- 
rowly specialized in his own particular field of ac- 
tivity—and he might not be entirely wise in this 
wish—but the educator must, like the politician, 
play off one pressure group against another and 
hope to find the best balance for the population. 

This boundary condition imposes fixed limits on 
the result obtained. First, a graduate at the bache- 
lor’s level can only be trained to become an intern 
in whatever metallurgical industry he elects upon 
graduation. This is partially due to the limitations of 
time but much more importantly to the fact that 
there is so very much to learn of a practical nature, 
relating to the operation of very large installations 
of equipment. 

These remarks apply to our own country, and are 
determined by the nature of our country, by its 
history and by the social, economic, and even po- 
litical practices that circumscribe and condition it. 
Other countries have different practices. In many, a 
college graduate is expected to be made fully ready 
to take charge of industrial operations—such is the 
case in Swedish schools, in Aachen, Germany, and 
to some extent in the Latin American countries. In 
others the training given is so theoretical and scien- 
tific that the graduate is far indeed from a practicing 
engineer or even an embryonic engineer. 

So the boundary conditions we need to speak 
about are those that pertain to this country, a country 
in which college education and the training in in- 
dustry that goes with internship are well adjusted 
one to the other, as deemed best by the employers 
of men at the bachelor’s level. It is mandatory that 
educators in this country follow this policy. A radi- 
cal departure from it will introduce a randomness 
the result of which is hard to foresee, though surely 
not in any way promising. Heterodoxy in this re- 
spect can be a chimera, seeming to offer more than 
it in fact can supply, and it can be wholly disrup- 
tive, whatever the revolutionary might ambitiously 
and abortively hope. 


Science vs engineering 


Now as to the second boundary condition: metal- 
lurgical engineering must indeed be a mixture of 
science and engineering. The word “science” not 
only means the science given to metallurgical stu- 
dents by science departments (and of course this is 
of great importance) but also that large body of 
metallurgical science developed by metallurgical 


research scientists—what we know about the struc- 
ture of alloys, about what happens when cold- 
worked metals are heated, about TTT-curves, and 
dozens of other subjects never presented to students 
by science departments. And basic science—the 
theory of solutions, elasticity theory, chemical equi- 
libria, to take a few examples—is constantly bred 
into the substance of metallurgical courses. In most 
of the types of colleges under discussion engineer- 
ing is added. For example, the preparation, treat- 
ment and use of alloys (which is surely engineer- 
ing), the operation of processes which produce 
metals and alloys from ores, the forming of metals, 
the selection, adaptation, and costing of materials 
and processing—to which one should add minor 
courses in related engineering subjects. 

Certainly this is not to say that such metallurgical 
courses need be descriptive—this is the old ortho- 
doxy. In metallurgy we have long passed this posi- 
tion, and did so, at least in some schools, about 25 
years ago. Descriptive courses—what a blast furnace 
is and how it is operated, with little or often no at- 
tention to the physical chemistry of what occurs in 
the blast furnaces or to the dynamics of gas flow, to 
what a given welding technique is and accomplishes 
(and one could go on with many other examples), 
are poor education, for the technology of today is 
history only in the tomorrow. The way in which 
new science and new, engineering principles have 
for so long been introduced into our curriculum re- 
mains an effective way; outmoded or qualitative 
concepts are replaced by the new and the quantita- 
tive, the best that the state of knowledge allows, 
and, with an active faculty, this is a continuous 
process, with the most essential principles of the 
broadest applicability retained. 

But courses in basic science alone, as preparation 
for working in a mill, are nearly as bad, and the em- 
ployer would find such education quite unacceptable, 
for there is much to the job of being a mill metallur- 
gist that does not derive directly from the so-called 
basic sciences. There is much of true engineering. It 
is sometimes said that engineering is but applied 
science, and that training for the engineers need 
only be in science—this is a heterodoxy, though cer- 
tainly not a new one. Those who take this attitude, 
and there are some newcomers in this long-continued 
argument, are inclined to broaden the base for 
college training in the sciences to include chapters 
in science only vaguely related to the main task of 
the metallurgist. A pure scientist enters practical 
metallurgical work with little confidence, with a 
feeling of insufficiency, of not-belonging, that takes 
him years to overcome, if indeed he ever does. Un- 
fortunately, many of those most vocal in argument 
are research men too enamored with research to 
be able to view the problem of the student who will 
stop his training at the B.S. level. We should agree 
that metallurgy for such men—as contrasted to 
those engaged in research—is science, engineering, 
ingenuity, and inventiveness, plus an integration of 
all these with management and commerce. 


Pedagogical approach 


Apart from courses in basic science (convention- 
ally taken in the first two years) the present ap- 
proach to the pedagogy of metallurgical engineering 
in the best schools is to base all courses on principles 
of engineering and science—of metallurgical, phy- 
sical, mechanical, and chemical science—with cur- 
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rent shop and mill practices used as illustrative ma- 
terial. This is surely not a descriptive approach, it 
meets the requirements for the B.S. degree very 
adequately, and (apart from the continued effort 
to introduce new engineering and science, as re- 
search produces it) with the constant revision of 
individual courses and the whole of the curriculum. 
All of this relates to the second chief boundary con- 
dition: a proper undergraduate curriculum is a com- 
pound of science and engineering. 

There is a third boundary condition, at least a sort 
of boundary condition, that derives from the first 
two. It is this: undergraduates must be trained in 
both extractive and physical metallurgy. It is a solid 
fact that the undergraduate does not know what type 
of job he will be offered or will take. It may be in 
extractive or physical metallurgy; it may be in fer- 
rous or nonferrous metallurgy. Long experience in 
studying placement records demonstrates this inde- 
cisiveness most eloquently. Does it not follow, that 
ferrous and nonferrous metallurgy, and extractive 
and physical metallurgy should all be included in 
the curriculum, partly for the reason stated, but 
also because these subjects are all related and in 
many ways dependent upon one another? One can 
hardly understand the physical metallurgy of steels, 
for example, unless the full history of the heat of 
steel concerned, at present beyond the reach of 
analysis, is known. In practice, a metallurgist work- 
ing in one field profits immensely by a knowledge of 
one or more other fields. A properly designed cur- 
riculum should—and must—provide training in all 
of these several branches, and indeed such a cur- 
riculum is not only quite possible but has been suc- 
cessful in many places. If basic principles are taught, 
with examples from practice as illustrations, the 
schemes may readily be made to work, and the 
product is a metallurgical engineer. 

There is such a thing as metallurgical engineering, 
or metallurgy, if you wish, despite offhand and 
captious remarks of those who are so deeply smitten 
by of their own special interests as to believe 
them all-encompassing. Metallurgy, in its composite 
and related whole, is a discipline of its own. Although 
it draws from other disciplines in both science and 
engineering, we should not and must not let this 
confuse us, for all other branches of engineering do 
exactly the same, and this is most easy to demon- 
strate. There is something lacking in the public and 
even the professional reputation of the metallurgist, 
and some of the uneasiness felt about metallurgical 
education probably stems from this. 

These then are the chief boundary conditions that 
must be observed in devising an undergraduate 
curriculum for the great majority of students for 
whom the B.S. is the terminal degree. 


Graduate study 


Of course, a provision must be made for those 
students who have the capacity to go on to graduate 
work. A simple answer to this problem is, perhaps 
obviously, an honors system. Such a system pro- 
vides for replacing certain undergraduate courses— 
chiefly those that point directly at engineering 
rather than at science, including minors in electrical 
and mechanical engineering—by courses that give 
such students a head start in graduate work. Such 
an honors program should be an essential part of 
undergraduate planning, so that the savings in time 
made can be devoted to either advanced courses in 
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scientific metallurgy or advanced courses in chem- 
istry, physics, and mathematics, particularly the 
latter. However, the current pattern of undergrad- 
uate work should not be otherwise changed. The 
honors system would lead most satisfactorily to 
graduate work; it would provide the student with 
that background in metallurgical phenomena upon 
which graduate work in this subject can be based. 
In the end it would produce research workers in 
metallurgical science quite competent to advance 
the science of metals. While providing training in 
advanced physics, chemistry, and advanced mathe- 
matics, it would make no effort to produce abortive 
Ph.D.’s in solid state physics, or physical chemistry, 
who are not good metallurgists, physicists, or chem- 
ists. Granting a Ph.D. degree in any discipline (or 
any other degree) is but a momentary pause in an 
educational process that must be lifelong, and a man 
with such training can from then on grow in any 
direction he likes, however theoretical, however 
scientific, with confidence that as a metallurgist he 
is thoroughly well-grounded. 


The heterodoxies 


All this seems to be eminently sound, for the year 
1959 and for the foreseeable future. Now we ought 
to inspect what might be designated as the new 
heterodoxies. 

There are several schemes currently being urged 
upon the teaching profession with respect to engi- 
neering education at large and metallurgical educa- 
tion in particular. As to engineering education at 
large, about five major heterodoxies have become 
visible. The oldest of these, and in many ways the 
soundest, is in engineering physics. Students who 
have had this training to the bachelor’s degree find 
many useful posts of employment, and their train- 
ing offers a modicum of preparation for graduate 
work, while supplying industry with men a step 
above technicians. One can not quarrel seriously 
with it, and perhaps it should not even be included 
among the new heterodoxies. But nevertheless, this 
type of training can not supplant undergraduate 
training in the conventional branches of engineering. 

The second is in engineering science. This scheme, 
currently practiced in a small number of schools, 
aims to provide the student with a broad back- 
ground in all the sciences that apply to all branches 
of engineering. Although there has been much 
thought given to this, it seems to have little merit. 

It is occasionally used to siphon off leading stu- 
dents into a discipline more demanding of their 
talents. It suffers from the same serious limitations 
that obtain in other examples of deviation— it is 
divisive, fragmenting, with little or no engineering 
point of view inculcated in the student, and serves 
an employment public so small as to be relatively 
unimportant. And those who find employment in 
those industries will find their preparation so broad 
and so remote from engineering as to leave them 
adrift in a unified industry. Such a training could in 
no way effectively replace training in metallurgical 
engineering. 

The third scheme is even more extreme, and is 
actually implemented in some important schools—to 
devise a general curriculum covering all branches 
of engineering. This can not be successful. It forces 
the curriculum into too many courses of the survey 
type; industry can not fruitfully use the training of 
men subjected to a curriculum neither fish nor fowl. 

(Continued on page 676) 
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There can be no depth, and the demands for depth 
in every branch of engineering are increasing 
rapidly. It must certainly be admitted that some 
breadth is necessary in all branches of engineering. 
Perhaps an engineer should be shaped like a cone, 
broad at the top but narrowing pretty rapidly to 
a point at the bottom. A curriculum in general en- 
gineering can not be useful to the neophyte in indus- 
try, unless after graduation heundertakes a serious 
course of study in one branch of engineering, and of 
course this begs the question. 

Another deviation, the fourth, is one in which the 
usual practice of a common group of courses in the 
first two years of an undergraduate curriculum is 
changed to a sequence lasting three years, with only 
a part of the senior year left for truly departmental 
work. It is said that the purpose is to broaden the 
scientific and engineering base. There are great risks 
in broadening—diverse subject matter is introduced 
at a fearful cost in depth in any one subject. Courses 
are introduced at the sacrifice of metallurgical 
courses, which, at least so far as metallurgists are 
concerned, have so little pertinency as to constitute 
a digression. For example, a two year course in en- 
gineering analysis, while a basic subject for electri- 
cal and mechanical engineers, has very little perti- 
nency to the metallurgical engineer. And to take but 
one more example, under the general heading of the 
structure of matter, subjects in distant fields requir- 
ing a substantial amount of time, are introduced— 
polymers, plastics, ceramics, inorganic non-metallic 
solids, which though interesting and broadening, 
force a sacrifice in depth. Something between the 
extremes of broadness and specialization is the 


proper policy. 


Materials engineering 


And now to the fifth of the revolutionary ideas: 
prospects of a curriculum in materials engineering. 
The movement is questionable if it is taken to re- 
place metallurgical engineering, and somewhat 
questionable on other grounds. If this curriculum is 
to be on the undergraduate level, the only way the 
important materials could be covered would be by 
means (again) of survey courses, each having little 
or negligible depth. It does not add to the logic of 
the argument to point out that there are features in 
science common to a number of fields that relate to 
materials, that a small measure of ductility can be 
imparted to ceramics . . . that defect lattices charac- 
terize all solids . . . that nucleation and growth pro- 
cesses occur regardless of whether the material is 
metallic or not . . . that there are some similarities 
among various materials as regards elasticity, vis- 
cosity and plasticity, and so on. However, the differ- 
ences among materials are as numerous and as im- 
portant as their likenesses, so that the study of each 
constitutes a discipline in itself. And little better 
can be said of graduate courses leading in their sum 
to a Ph.D. in materials engineering. For how can 
such a student procure the deep background of 
knowledge in chemistry, especially organic chemis- 
try, to make him an adequate research worker in 
polymers, or in plastics, and at the same time obtain a 
background of excellence in metals, adhesives, re- 
fractories, concrete, or wood? A student, whether 
with a B.S. or a Ph.D., should go as deeply as he can 
in one subject. It may be argued that industry has 
needs for material engineers—the aircraft industry, 
for example. This may, in a way, be granted—though 
the need would be a small one. The engineering 
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purposes of industrial effort would be better served 
by having a group of scientists and engineers (each 
deeply rooted in his own subject) making decisions 
through discussion of the best materials for a given 
purpose or application. And it goes without saying 
that the metals-producing industries would have 
little or no need for trained men in such a reputed 
discipline. It seems that the origin of this idea has 
been in the inadequacies of the educational system 
with respect to non-metallic materials. Why don’t 
the ceramists fully explore their own field, why 
should the metallurgist, with all the unknown sea 
of knowledge still to be gained lying before him, 
undertake the duties of others and neglect his own? 

The argument applies as well to all of the other 
branches of science and engineering that are assem- 
bled in the proposed, but illusory discipline of mate- 
rials engineering. These remarks are directed pri- 
marily at the proposal for an integrated undergradu- 
ate curriculum in materials engineering, and of 
course in no way constitute an indictment of a single 
course that might be made a part of a conventional 
engineering curriculum. 

The point that must be emphasized is this: a 
course in materials engineering, or in the other 
heterodoxies, will not in any way diminish or even 
affect the need for a continuing and constantly im- 
proved program in metallurgical engineering. 

It seems to me that these educational experiments 
have much more than a touch of heterodoxy, that 
they are too extreme to be seriously considered as 
a general policy for the country so far as education 
in metallurgical engineering is concerned. No one 
will ever try to stop a college or so from practicing 
such curricula, and to have a few do so may be 
good. But the number of such colleges ought to be 
small and the great merit of metallurgical curricula 
should be preserved, with all efforts made for con- 
stant improvement. 


Evolution rather than revolution 


Evolution is the word, not revolution, at least not 
the kind we have seen thus far. And the steps to be 
taken in this evolution could easily be enumerated— 
but this is beyond the scope of this paper. 

If the heterodoxy of today becomes the orthodoxy 
of tomorrow, then we must determine just when that 
tomorrow will be, when the mixture of science and 
engineering that we call metallurgy which serves 
us so well today will be outmoded, when continued 
improvement—evolution—will no longer serve and 
revolution will have to be brought about. 

Every educator has, inherently, a deep unhappi- 
ness about education, springing from a feeling of the 
awful responsibility he has to the young—somewhat 
akin to that which every parent has to his children 
—and of the gross impossibility of preparing the 
young for their long future in all aspects of that 
precarious prospect. This runs through everything he 
does—the inadequate time which he can spend with 
each student, the scope of material which is pre- 
sented in one way or another in courses, the general 
plan, the objectives of the curriculum at large. Some 
of these sources of unhappiness are possibly charac- 
teristic of this age. It is amply clear that many of 
the new ideas in education come from the desire to 
ameliorate this dissatisfaction. They will not succeed 
in doing so, for as such plans are put into action, the 
difficulty of doing the best for the young will appear 
again, perhaps with a greater distress. It is to the 
risk of this that these remarks are addressed. 
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A PROGRAM 


by R. A. Flinn 


T a recent informal discussion of metallurgical 
engineering curricula, a leading educator asked 
half seriously what would happen if an academic 
metallurgical department was dissolved. The spe- 
cial interests of its students would be cared for by 
placing approximately 45 pct in a department of 
materials engineering, 40 pct in physics, and 15 pct 
in chemical engineering. The answer is quite 
straightforward—after a period of time, some of 
the faculty and students from these separate depart- 
ments would find a common interest and request a 
new department to represent their common field 
of activity, this to be called metallurgy. 
Although this is only a half serious example, it 
must be recognized that materials engineering is re- 
ceiving increased attention as an engineering science. 
Of the six engineering sciences recognized by the 
ASEE, materials engineering is included, and metal- 
lurgy—as a subject—is absent. These considerations 
make it worthwhile for the metallurgist to examine 
the relative roles of materials and metallurgy. An 
industrial counterpart to the academic thinking is 
found in the aircraft, automotive, and electrical fields 
where the metallurgist usually advances from the 
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IN MATERIALS ENGINEERING 


Majors in chemical, metallurgical, and materials engineering are offered by 
a unified department at the University of Michigan. 


position of chief metallurgist to chief materials 
engineer. Is there then a need for a separate degree 
in materials engineering? What would be the effect 
upon metallurgical engineering? One objective way 
of developing data is to review a situation in which 
degrees of metallurgical engineer, materials engi- 
neer, and chemical engineer are offered in the same 
department but under the leadership of separate 
program advisors. This arrangement has been ac- 
credited at the University of Michigan for some 
time. Let me hasten to add that this is in no way to 
be construed as a recommendation for general adop- 
tion—it is merely presented as a case study which 
has been quite satisfactory in teaching at Ann Arbor. 


Relative objectives of materials, 
metallurgical, and chemical engineering 


programs 

The objectives of a materials program can be 
summarized as an education in the structure and 
properties of all materials, particularly solids. The 
control of properties by structural transformations 
and the application of materials to engineering de- 
sign are stressed. 

Compared to metallurgical engineering, the in- 
creased knowledge of non-metallic materials and 
engineering applications is obtained by reduction 
in courses dealing with extractive and process metal- 
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lurgy. Compared to chemical engineering, re- 
duction in courses dealing with processing, equip- 
ment design, and operations is made. These objec- 
tives are summarized in Fig. 1. 


Curricula 


Regardless of noble objectives, the practicality 
of any program is to be found in a study of its 
courses, faculty, students, and in its contributions of 
permanent value to the scientific and engineering 
literature. 

The similarities and differences in materials, 
metallurgical, and chemical engineering curricula 
under study may be summarized under the divi- 
sions of basic science, engineering science, and pro- 
gram specialization. 


Basic science: All programs require mathematics 
through differential equations with strong addi- 
tional interest in statistics and advanced calculus; 
chemistry including analytical and a full year of 
physical chemistry; and physics of college level with 
strong additional interest in atomic and solid state 
physics. Chemical engineering and materials re- 
quire a year of organic chemistry. The humanities 
are also represented, but this is outside the scope of 
this discussion. 


Interrelation of courses in chemical, metallurgical, and materials engineering in the com- 
bined department at the University of Michigan. 


Engineering science: All programs require chemi- 
cal thermodynamics, structure of solids, electrical 
engineering, and engineering mechanics. Materials 
engineering requires more courses in dynamics 
and stress analysis. Chemical and metallurgical 
engineering prescribe additional work in mass and 
energy balances, rate processes, and so on, needed 
in processing calculations. 


Specialization: Materials engineering offers 
courses in ceramics, glass, high polymers, and physi- 
cal metallurgy. Metallurgical engineering offers 
courses in process and physical metallurgy. Chemical 
engineering requires courses in unit cperations, plant 
design, and additional heat and mass transfer. 


Opportunities for graduate study: While this 
report is chiefly concerned with undergraduate 
programs, it should be mentioned that continuing 
studies leading to M.S. or Ph.D. degrees are pursued 
in all programs. 


Faculty and students 


The department staff is made up of thirty-two 
professional appointments in chemical, metallurgical, 
and materials engineering. The common course in 
chemical thermodynamics is staffed in the main by 
chemical engineers, but with participation of metal- 
lurgists. 
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On the other hand, the courses in the structure of 
solids are staffed almost entirely by those with 
primary interests in materials and metallurgy. That 
the scope of staff interest is reflected in breadth of 
the courses may be seen by the following tabula- 
tion of principal research interests, as evidenced by 
recent publications: semiconductor materials; dif- 
fusion in liquids and solids; surface chemistry; in- 
terfacial energy of phases; creep and heat-resistant 
alloys; ceramic oxide—metal reactions; complex 
metallic carbides in metal systems; high polymer 
properties; nuclear metallurgy; solidification; cast 
metals; wear, fatigue, and abrasion; and solid-solid 
reactions. 

Engineering students at the University of Michigan 
are classified in one or more programs after the 
freshman year. The present department distribution 
of under-graduates is: materials, 10 pct; metallurgy, 
30 pct; and chemical engineering, 60 pct. 

It is surprising that despite the increasing and 
widespread interest in materials, both academically 
and industrially, a larger number have not elected 
the program. One reason given by the students is 
the small number of positions specifically request- 
ing materials engineers. The principal reason for 
this is the newness of the degree—most firms, when 
told of the program are very interested in its 
graduates. 


Results 


The existence of materials, metallurgy, and chemi- 
cal engineering curricula in the same department 
has had interesting effects upon curricula, staff, and 
students. 


Effects upon curricula: The effect upon the three 
mentioned must be considered first and then the 
influence upon other curricula, in the teaching of 
so-called service courses, may be examined. 

The materials engineering program depends up- 
on good intensive teaching in the structure and 
properties of metals, ceramics, and organic materials. 
To accomplish this, actual research in a field or at 
least a thorough knowledge of the recent literature 
is needed. There are few, if any, single individuals 
with sufficient background to teach all three fields. 
Therefore, the gathering of metallurgists, ceramists, 
and chemical engineers in one department auto- 
matically provides a staff to draw upon. 

The metallurgy program in turn benefits from 
the strong teaching background of the chemical 
engineers in dealing with courses in thermodynamics 
and unit operations. In obtaining a broader under- 
standing of the solid state, the influence of the staff 
interests in semiconductors and ceramics is most 
helpful. 

The chemical engineering program, although very 
strong in its own right, benefits from assistance in 
problems in materials, particularly in some of the 
situations in nuclear reactors, corrosion, and high 
and low-temperature behavior. 

Other programs, such as mechanical, electrical, 
aeronautical, industrial, and civil engineering, bene- 
fit in the breadth of the service courses which are 
offered. It has been possible to develop a sophomore 
level course called The Structure and Properties 
of Engineering Materials, using Van Vlack’s text 
in which the important properties of metallic, ce- 
ramic, and organic materials are related to the basic 
structures. In this way, the other departments do 
not have to seek out and correlate three different 
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courses in metallic, ceramic, and organic materials. 
In addition to providing an important service to 
other engineering students, this course acquaints 
many with the intriguing applications of basic sci- 
ence to problems in materials for the first time. As 
a corollary, the quality and number of students 
interested in both materials and metallurgy has 
improved since the development of this course. 
While the problem of service courses is always 
good for a separate debate, it should be pointed out 
that of all the groups on an engineering campus, 
the metallurgists are the best trained to teach a 
course in materials. If this responsibility is not ac- 
cepted and discharged on a broad basis, it is quite 
possible that another department called materials 
or molecular engineering or solid state engineering 
will be organized. This could be a first step in the 
scattering experiment discussed in the introduction. 


Effects upon staff and students: By supporting 
the three curricula in one department it is possible 
to encourage horizontal staff and student interests 
without hindering vertical interests. By horizontal 
and vertical, the direction of grouping in Fig. 1 is 
referred to. In other words, in most institutions it 
is easy to place a chemical or metallurgical engineer 
on the staff. On the other hand, with this traditional 
approach it is harder, for example, to place person- 
nel with the following combined interests: 1) semi- 
conductors and process control; 2) surface proper- 
ties, diffusion mechanisms of metals and ceramics; 
and 3) ceramics, glass, and metals. People with 
this type of background have been easily assimilated 
by the combined curricula. 

At the end of their freshman year, students often 
find it difficult to decide between departments of 
chemical and metallurgical engineering. These de- 
partmental walls often lead to serious differences 
in prerequisites and lessen the possibility of com- 
bined programs. By contrast, in many instances it 
is better for a student planning an industrial career 
to complete the requirements for bachelor’s degrees 
in both chemical and metallurgical engineering in 
four and one-half to five years than to advance to the 
master’s level in one or the other. This can readily 
be done when inter-departmental correlation of 
courses is present. 


Conclusions 

As mentioned earlier, it is not the intent of this 

review to suggest a model relation between ma- 
terials and metallurgy. The roots of any academic 
department are deep and divergent, and it would be 
extremely difficult, even if desirable, to establish the 
horizontal system of education in materials by de- 
cree. 
In any case, it does seem important to develop a 
center of interest in materials, with strong partici- 
pation by metallurgists, for three reasons: 1) the 
correlation of development in other areas of solid 
state science which affect metallurgy—semiconduc- 
tors and cermets, for example; 2) the academic 
need for courses in materials; and 3) the industrial 
need for materials engineers. This participation 
would strengthen any metallurgical group. 

The price of liberty in our profession is not eternal 
vigilance, but rather continuous service to all our 
colleagues and all our students. If we, as metallur- 
gists, marshall our energies to this end, we shall 
lead, rather than be dominated by, any materials 
program. 
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etallurgical education 


INTEGRATING THE TEACHING OF 


PROCESS AND PHYSICAL 


METALLURGY 


A long look at today’s metallurgy shows that it is more logically divided 


into fields based on scientific principles rather than the traditional tech- 
nology. It is here shown how thermodynamics, kinetics, and structure may 


by C. Law McCabe 


URING the course of deliberations held in the 

past three years on the undergraduate curricu- 
lum change which the Dept. of Metallurgical Engi- 
neering at Carnegie Institute of Technology is 
making this Fall, some thoughts arose which might 
be of interest to teachers of metallurgical engineer- 
ing and to metallurgists in general. In order to give 
perspective to these thoughts, it should be noted 
that the curriculum adopted follows the tradition at 
Carnegie in training undergraduate metallurgists as 
broadly as possible in the science and engineering of 
metallurgy. 

There are two rather contradictory trends in met- 
allurgical engineering education today. One trend 
is toward unifying and integrating the curriculum 
within a department (or, in some cases, in the whole 
engineering school); the other is to allow options so 
that a student may specialize in a particular area 
of metallurgical engineering. Both trends, in part, 
are an effort to cope with the ever increasing amount 
of scientific and engineering knowledge in metal- 
lurgical engineering. At Carnegie, the first trend is 
favored. Therefore, what has been done in the new 
Carnegie curriculum is to integrate the individual 


C. LAW McCABE is head of the Dept. of Metallurgical Engineer- 
ing, Carnegie Institute of Technology, Pittsburgh. This paper was 
presented at the Annual Meeting of the American Society for 
Engineering Education, June 1959, and is published with the per- 
mission of ASEE. 
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be taught as principles, with applications in both physical and process work. 


courses and to arrange the presentation of material 
in a more logical sequence. In addition, honor courses 
have been added in the senior year for men who 
wish to continue their studies in graduate school. 

The general thesis discussed here is that the 
teaching of physical and process (extractive or 
chemical) metallurgy could be integrated much more 
than is currently the case in most departments of 
metallurgical engineering. The degree to which this 
thesis has been and will be executed is the province 
of the professors in each department. As a matter of 
fact, most changes in departmental curricula occur 
through day to day changes in course content by the 
professors, acting both alone and informally in 
small groups. Formal curriculum changes, therefore, 
in many cases, merely acknowledge a fait accompli 
and, in addition, allow a logical scheduling of topics 
not possible in the existing curriculum. 


Course division rooted in the past 


In most schools, the metallurgy curriculum has 
traditionally been divided in several ways—ferrous 
and nonferrous, or process and physical. The rea- 
son for this division is that the metallurgy curricu- 
lum has its roots in the time when technology was 
dominant; at that time it was logical to divide the 
curriculum along technological lines. Everyone 
knows that as more powerful scientific and engi- 
neering techniques have been applied to the field 
of metallurgy, many seemingly diverse subjects 
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have been found to be closely related. However, in 
the teaching of metallurgy the tendency has per- 
sisted to keep the identity of the courses in the cate- 
gories set by technology many years ago, even 
though the course content has markedly changed. 

The general suggestion here is to integrate the 
metallurgy curriculum by teaching fundamental 
principles and techniques relevant to metallurgy 
in a logical sequence, and to use (at the time 
the principle is developed) examples from the 
whole field of metallurgy for illustration and prob- 
lem solving, whenever this is appropriate. Of course, 
it is recognized that this is already being done to 
some extent in some graduate and undergraduate 
schools. However, the trend is not nearly as strong 
as it should be, largely because of the reluctance to 
break out from traditional course titles and, in any 
given course, to cross freely between process and 
physical metallurgy. 


Integration promotes efficiency 


The use of examples from the whole field of met- 
allurgy to illustrate a fundamental principle results 
in a time saving, because the necessity for different 
professors to develop the same principle is elimi- 
nated. The problem of time is most important in the 
teaching of metallurgical engineering because of the 
many scientific, engineering, and technological ad- 
vances which are being made. This has meant that 
professors of metallurgical engineering have con- 
tinually taken material from their graduate courses 
and placed it in their undergraduate courses, a 
process actively underway for at least the past 
quarter of a century. The result has been to elimi- 
nate a great deal of the so-called descriptive matter 
in the undergraduate curriculum. It would seem, 
however, that the best departments of metallurgy 
and metallurgical engineering are close to the dan- 
ger point in eliminating this type of material, since 
much of that which has survived is essential for a 
successful engineering career for the majority of 
those men taking the bachelor’s degree. As teachers 
of metallurgical engineering, we must not only 
teach basic science and engineering, but we must 
also relate these fundamentals to the solution of 
practical metallurgical problems so that the average 
undergraduate student will be able to use the prin- 
ciples in his professional career. Clearly, then, we 
must look for more efficient methods to teach the 
ever increasing amount of subject matter, both in 
engineering and in science. 

In response to the obvious rejoinder to this pro- 
posal—that repetition is an essential part of success- 
ful teaching—one can say that repetition of topics 
could and would be planned, but planned intelli- 
gently from the standpoint of the best teaching, 
rather than by the chance that the same basic prin- 
ciples or discipline is used in two areas of metal- 
lurgy—the present basis for repetition. And, as 
time goes on, we must have less and less repetition, 
for lack of time. 

A second aspect of further curriculum integration 
is that the topics covered can be developed in a more 
logical sequence. It certainly is true that a great 
deal of progress has already been made in doing 
just this. For example, the two classical courses, 
ferrous production metallurgy and nonferrous pro- 
duction metallurgy, have, in many universities, 
been replaced by one course which treats these 
topics as a coherent unit. However, it is felt that 
even this step in integrating the teaching of process 


metallurgy is not the end but that both process and 
physical metallurgy can be further integrated. 


Principles as a base—not technology 


The success or failure of building a metallurgical 
engineering curriculum around principles rather 
than technology depends upon a detailed analysis of 
what constitutes the field of metallurgical engineer- 
ing, in order to set goals, and then a construction of 
a suitable curriculum to accomplish the desired end. 
As anyone who has done this knows, it is a time 
consuming process and the character of the analysis 
and the resulting curriculum is to a great extent 
dependent on the particular group of professors in- 
volved. As a matter of fact, this is the way it should 
be, since the execution of the program rests squarely 
on the professors and for them to be forced into an 
arbitrary arrangement of courses and content would 
result in ineffective teaching, since it is human 
nature to do best when one is following one’s own 
inclinations. Therefore, the objective here is to pro- 
vide raw material for future discussion. We will 
now examine some concrete examples in which 
physical and process metallurgy can be integrated. 
For purposes of clarity we separate the topics hav- 
ing common roots in process and physical metal- 
lurgy into three familiar categories—thermodynam- 
ics, kinetics, and structure. 


Integration in thermodynamics 


Topics in physical and process metallurgy having 
common roots in the discipline of thermodynamics 
are plentiful. For example, the subject of phase 
diagrams has broad application in physical and 
process metallurgy which defies complete documen- 
tation. Except for a brief, once-over-lightly in 
physical chemistry, this subject is usually taught to 
metallurgists as part of a physical metallurgy 
course. 

The examples given, then, are usually exclusively 
metals. It seems preferable to teach the subject with 
the aid of examples from both metallic and non- 
metallic systems so that, from the outset, the stu- 
dent will realize the full potential of the technique 
in diverse fields. Another general topic which is of 
far reaching importance in both physical and proc- 
ess metallurgy is the determination of the concen- 
tration of components in two phases which are in 
equilibrium with one another. For example, in 
process metallurgy the distribution of silicon be- 
tween metal and slag is important; in physical 
metallurgy the distribution of molybdenum be- 
tween an alloy phase and a carbide phase is impor- 
tant. To estimate or calculate the distribution of the 
solute in both of these examples requires a knowl- 
edge of the appropriate free energies of formation 
and activity coefficients. Since the metallurgist 
deals with distribution equilibria involving metal 
oxides, carbides, sulfides, nitrides, chlorides, fluo- 
rides and silicides, it seems logical then to carry out 
the discussion of the determination and tabulation 
of the free energy of formation of the above groups 
of compounds as a unit. Intermetallic phases might 
well be included. Furthermore, all of the topics in- 
volved in the determination of the appropriate ac- 
tivity coefficients could also be developed as a part 
of this same course. The starting point would, of 
course, be determined by the background of the 
particular class. 

The basic topics that would be involved are the 
definition of the Henrian and Raoultian activity and 
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(center), University of Chicago. 


activity coefficients, the Gibbs-Duhem integration, 
and methods for changing standard states. A wealth 
of applications for such a development of solute dis- 
tribution are available and, indeed, the applications 
help in teaching descriptive metallurgy. A closely 
related topic, which could be taught in an advanced 
undergraduate course, is the estimation of activity 
coefficients in ternary solutions. By making some 
simple assumptions about solution behavior, Alcock 
and Richardson have presented a method of calcu- 
lating the activity coefficient of a solute in a ternary 
solution from a knowledge of the appropriate activ- 
ity coefficients in the binary solutions involving the 
three components. Their method applies both to 
liquid and solid solutions and thus it is applicable to 
systems in both physical and process metallurgy. 
Furthermore, for silicate systems and for carbide 
systems, Richardson has applied the Temkin model 
for mixing in order to explain the power relation- 
ship between activity and mole fraction in these 
systems. The model assumes that the free energy of 
mixing arises only from the mixing of the metal 
atoms on a fixed lattice of carbon, or metal oxides 
on a fixed lattice of silica. Here the same basic 
statistical-mechanical treatment leads to applica- 
tions in both physical and process metallurgy. 
Electrochemistry: A very important part of both 
physical and process metallurgy deals with electro- 
chemistry. For example, the process metallurgist 
produces metals by electrolysis and both the physi- 
cal and process metallurgist are interested in the 
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electrochemical nature of corrosion, since the 
former deals with the dissolution of metals and the 
latter with the dissolution of minerals. Electrochem- 
istry is developed to some degree in the courses 
which the undergraduate metallurgist normally 
takes in the chemistry department. However, it is 
usually essential for the metallurgy department to 
review the subject and to apply it to the special 
materials and processes which the metallurgist en- 
counters. For example, the Pourbaix diagrams are 
a convenient way of discussing both the leaching of 
ores and the corrosion of metals, but their construc- 
tion and use are not covered in chemistry courses 
and the metallurgy curriculum must carry this load. 
Further analysis of the applications of electrochem- 
istry in metallurgy would probably lead to support 
for electrochemistry to be taught as a unit of the 
metallurgical curriculum. 


Integration in kinetics 


Both the physical and the process metallurgy pro- 
fessor is likely to start any discussion of kinetics by 
first referring to the kinetics section of a physical 
chemistry course which the students have taken in 


the chemistry department. The two professors, 
physical and process, will develop many of the same 
points in leading students from the chemist’s to the 
metallurgist’s viewpoint on kinetics. Both professors 
will make the point that the metallurgist nearly ai- 
ways deals with heterogeneous systems, not with 
the homogeneous systems normally found in chemi- 
cal kinetics. Furthermore the combination of high 
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temperatures and the heterogeneous nature of met- 
allurgical reactions more often than not cause trans- 
port processes, rather than the chemical reaction, 
to be rate controlling. This discussion leads directly 
into a discussion of the doctrine of local equilibrium, 
which has been put to use so beautifully in metal- 
lurgy by Dr. L. S. Darken. Local equilibrium can be 
illustrated using the mechanism of pearlite forma- 
tion in steel as an example from physical metal- 
lurgy and the mechanism of metal sulfate formation 
from process metallurgy. It seems only natural then 
to introduce the subject of the kinetics of high tem- 
perature reactions in a way which includes both 
physical and process metallurgy examples. 

Diffusion: The topic of diffusion is a most impor- 
tant factor in the kinetics of both physical and proc- 
ess metallurgy. Although it may not be appropriate 
to include as a unit all of the discussion of diffusion 
found in both process and physical metallurgy, it 
does seem worthwhile to include in the elementary 
physical metallurgy sections on diffusion some 
simple cases of rates in process metallurgy which 
are determined by diffusion. Two such cases from 
process metallurgy are, the oxidation of metal sul- 
fides, which has as its basis the same theoretical 
discussion which precedes the oxidation of metals; 
and transfer of a solute across an interface being 
limited by the rate of diffusion through a stagnant 
film, which has as its basis Fick’s first law. On this 
latter subject, a more detailed discussion of transfer 
between phases being limited by diffusion would be 
left to a special process metallurgy course, but the 
introduction of this subject when Fick’s laws are 
developed and applied would be of great help to 
the process stem in metallurgy. 

The subject of nucleation in phase changes is of 
vital importance in both physical and process met- 
allurgy. As a matter of fact the freezing of pure 
metals and alloys, a subject which is of prime im- 
portance in process metallurgy, has been found to 
be an excellent illustration for the theoretical de- 
velopment of homogeneous and heterogeneous nu- 
cleation. Indeed, this has been a part of the physical 
metallurgy curriculum at Carnegie for many years 
and is an excellent example of the general thesis 
here—that a topic which has been developed from 
a theoretical point of view should be illustrated by 
the best examples available, whether they be from 
physical or process metallurgy. 


Integration in structure 


The third and last general topic which will be 
discussed is structure. From what follows you will 
note that the term is used loosely. 

A fundamental consideration in the subject of 
structure is the nature of the solid state, where the 
simple perfect solid and X-ray diffraction are intro- 
duced. The perfect solid normally serves as the 
basis for a discussion of the effect of lattice imper- 
fections and plastic deformation on the properties 
of solids. At this point it seems logical to bring in 
the model for glasses and liquids, since this model 
is a modification of the perfect solid. The introduc- 
tion of the liquid state at this time can be accom- 
plished with a saving of time over that required to 
introduce the subject in a process metallurgy course, 
since the class is ripe for the liquid state model 
after having just finished the subject of imperfec- 
tions in solids. 

Certainly one of the most important sections 
under the topic of structure is the nature of bonds. 
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Again, in the physical metallurgy course at Carne- 
gie the subject of chemical and physical interactions 
between atoms has been developed by reviewing 
some of the material on this subject which has been 
introduced in the physical chemistry course. Then 
ionic, covalent, and molecular bonds, as well as the 
metallic bond, are discussed in considerable detail. 
It is obvious that this development serves well the 
needs of both process and physical metallurgy. 
Closely allied with the nature of bonds are the 
electrical properties of solids and liquids. At Car- 
negie, the course in physical metallurgy does indeed 
cover the electrical properties of metals, covalent 
crystals, molecular crystals, ionic crystals, and 
semiconductors. In addition, the electrical proper- 
ties of these substances when liquid are discussed. 
This foundation is of great help to the process met- 
allurgy stem when the subject of the structure of 
slags, as related to their physical and chemical be- 
havior, is introduced. In addition, the way is paved 
for the topic of fused salt electrolysis. Furthermore, 
the discussion of the electrical properties of molten 
metal sulfides in the present Carnegie physical 
metallurgy course provides an excellent example of 
how research in process metallurgy has provided a 
material possessing certain desirable semiconduc- 
tion and thermoelectric properties which are not 
found in other materials. Such discussion helps to 
show the student the interdependence of physical 
and process metallurgy and the importance of met- 
allurgical research in the growing materials field. 


The materials engineering question 


The above discussion of the integration of physi- 
cal and process metallurgy is relevant to a topic 
currently on the minds of teachers of metallurgical 
engineering. The question is whether or not metal- 
lurgical engineering should transform itself into 
materials engineering. This question has been the 
subject of much discussion and, indeed, much mis- 
understanding. It is obvious that for an established 
metallurgical engineering department suddenly to 
make this transformation would inevitably result in 
the curriculum becoming little more than a series 
of survey courses. As any professor knows, such an 
education is next to valueless. A great deal of sci- 
entific and pedagogical research must be completed 
before the proposed transformation can be estab- 
lished as practical and desirable. As a matter of fact, 
one of the most pressing current problems for de- 
partments of metallurgical engineering is finding 
the time to go deeply into all of the subjects which 
constitute metallurgy, let alone the whole field of 
materials. For the present, then, it seems preferable 
for an existing department of metallurgical engi- 
neering to do its utmost to integrate and refine its 
courses, so that it does an excellent job with metal- 
lurgy. This alone is a mammoth task and it is made 
even more so by the fact that metallurgical knowl- 
edge is accumulating so rapidly. 

In conclusion, it is fair to say that teachers of 
metallurgical engineering are steadily evolving an 
undergraduate curriculum which effectively deals 
with the heart of the scientific and engineering 
principles associated with metallurgy. As a means 
of attaining this goal, the integration of process and 
physical metallurgy courses has been investigated 
and specific examples have been discussed. 
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TEACHING 


etallurgical education 


MATERIALS SCIENCE TO ENGINEERS 


Every engineer is, in a sense, a materials engineer. Described here is a 


course designed to give students other than metallurgists and ceramists a 


by J. N. Hobstetter 


IMITATIONS imposed by our lack of knowledge 
of the properties of materials—solid, liquid, or 
even gaseous—constitute the worst bottleneck in 
the growth of our complex technology. There is an 
insistent cry for materials which will meet stringent 
or even bizarre conditions in which modern devices 
must often operate. New uses and unconventional 
treatments have been developed for known mate- 
rials, but even more, new and untried areas are be- 
ing explored, often haphazardly, in hopes of turning 
up the substances which will bring the new tech- 
nology into hand. These substances may range from 
delicate crystals that provide almost noise-free 
amplification of the tiny radio signals from galaxies 
10,000 million light years away, to the rugged struc- 
tures that will withstand conditions in the reaction 
chambers and nozzles of rocket engines with several 
million pounds of thrust. 

It is evident that these new material demands 
have created a need for education that far transcends 
the bounds of conventional courses in metallurgy or 
ceramics. Furthermore, it is evident that since 
material limitations now affect all engineering and 
science disciplines, education in material properties 
should no longer be confined largely to metallurgists 
and ceramists, but must be spread throughout the 
science and engineering area. 


J. N. HOBSTETTER is professor of metallurgical engineering, 
University of Pennsylvania, Philadelphia. This paper was presented 
at the Annual Meeting of the American Society for Engineering 
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neering Education. 


firm foundation in materials science. 


Materials science for electrical .. . 


Consider the situation in a few of the more im- 
portant engineering disciplines: The electrical engi- 
neer of today can scarcely be abreast of his field 
without detailed knowledge of semiconductors. 
This knowledge must embrace more than specifica- 
tions of circuit elements such as transistors. If he is 
to fully exploit the opportunities that these mate- 
rials make possible, he must know how their useful 
properties arise. He must also know how conditions 
such as stress, strain, extremes of temperature, and 
chemical changes affect their behavior. The same 
may be said for ferrites, which have already assumed 
vital roles in magnetic and microwave circuits and 
as memory devices. The newer ferro-electrical de- 
vices and maser amplifiers are asserting similar 
claims. 


... mechanical... 


A demanding frontier for today’s mechanical 
engineer is embodied in new power generating de- 
vices such as jet engines, other gas turbines, and 
pre-eminently, the high-thrust rocket engine. Very 
often, his designs are limited by mechanical prop- 
erty barrier. On one hand, this may be the poor hot 
strength and creep resistance of a conventional, 
easily fabricated material, or on the other, it may 
be the difficulty in fabricating a new metallic, ce- 
ramic, and or ceramet which does show improved 
hot strength. His knowledge of the material’s prop- 
erties and, more particularly, of the means by 
which they may be modified and controlled, is cru- 
cial to getting top performance from whatever 
material is available. 


... and chemical engineers 


The chemical engineer is under similar constraints 
in his designs. Chemical processes operate at ever 
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higher temperatures and pressures, and often involve 
highly corrosive materials, such as the liquid sodium 
used in nuclear reactors. Materials for shielding 
these reactors may also be within his responsibility. 
He must manufacture new fuels which will power 
rocket and other engines, and this entails storing, 
pumping and handling them, often at new low tem- 
peratures. These conditions are extreme and un- 
conventional—in relation to known technology. 
Again, only a thorough knowledge of possible mate- 
rial properties and their control can lead to the 
best designs. 

It is evident that this same statement can be made 
in regard to almost any engineer or scientist today. 

The realization of the limitations in materials 
technology has brought with it a widespread re- 
examination of engineering curricula. In most engi- 
neering areas, except possibly in metallurgy and 
ceramics, education in materials has been found 
deficient. Many schools are experimenting with new, 
more general materials courses for all engineers. 
An approach to such a course, which has proved 
workable and useful in our engineering schools 
during the junior year, is given below. 

No course in this field could succeed if it attempted 
to produce a mere compendium of the properties of 
a wide variety of materials nor would such a course 
be desirable, even if possible within the curricular 
limitations usually available. Clearly, the student 
must be equipped with a fundamental understand- 
ing of how properties of materials depend on their 
structures, and of the principles governing the 
formation and control of these properties. Armed 
with such knowledge, he should be better able to 
evaluate the potentialities of both materials now 
known and those that will become available in the 
future. He will also understand to what extent those 
properties are amenable to modification and control. 


Properties of materials 


In designing a course to meet these requirements, 
the first consideration is to remind oneself, from a 
fundamental point of view, how the properties of 
materials arise. Ultimately, all properties are a 
function of the generalized forces that atoms exert 
on one another; these forces arise entirely from the 
configuration of the electron clouds surrounding the 
atomic nuclei, but this configuration is determined 
by the nature and the charge on the nuclei itself. In 
response to these forces, the atoms tend toward 
aggregations of various complexities. In many cases, 
the aggregation is the orderly and symmetrical ar- 
ray of atoms that we call crystals. In other cases the 
atoms may associate in intricate but largely non- 
symetrical patterns that constitute large molecules. 
In still others, the aggregate may be largely random, 
as it is in glasses and some other ceramic materials. 
The properties of these aggregates depend on two 
factors: the nature of the forces that hold them to- 
gether, and the geometry of the spatial arrangement 
of the atoms. The first of these controls what may be 
called the intensity of the various properties, while 
the latter determines whatever directionality they 
may show. Finally, familiar materials consist of ag- 
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gregates of these crystals or molecules, arranged 
either randomly or in varying degrees of perferen- 
tial alignment, so that final properties are those of 
the single crystals or molecules but as modified by 
their mutual interaction. The purpose of our course 
is to explore in detail the fundamental interrelation 
between properties and structure, so as to uncover 
the principles that govern the properties of all 
materials. 

The course is called Science of Materials. The first 
major section is devoted to a discussion of the struc- 
ture of materials—a review of atomic structures of 
the elements, emphasizing the use of the quantum 
numbers to distinguish among the possible stages of 
electron distribution. It is important to avoid getting 
mired in spectral or fine structural complexities 
which cannot be adequately treated, and which do 
not contribute in any important way to engineering 
properties. It has been found neither necessary nor 
useful to refer to the old Bohr theory. Wave func- 
tions and the geometry of orbital electron distribu- 
tions can be made sufficiently clear to support the 
subsequent discussion of interatomic bonding. 


Interatomic bonding 

The section on interatomic bonding is both crucial 
to the course and also, conceptually, the most diffi- 
cult. Only a descriptive treatment can be attempted 
at this level. We have found it best to treat four 
important types of bonding in distinct categories: 
1) van der Waals, 2) covalent, 3) ionic, and 4) 
metallic. The simpler hybrid orbitals of the covalent 
bond and simple band theory of metals, semicon- 
ductors, and insulators are presented. It is empha- 
sized that these four types of bonding are ideal 
cases and that most real cases fall among them. 

The stage has now been set for discussing aggre- 
gates of atoms, and first among these are molecules 
and radicals in which directional covalent bonds are 
prominent. Some of the more important 8-N struc- 
tures are reviewed, but attention is increasingly 
directed to organic molecules and polymers which 
are explored rather thoroughly with respect to their 
structure.. Silicate glasses and ceramics are also 
carefully surveyed as a typical example of many 
other crystalline or quasi-crystalline ceramics, which 
are treated more briefly. 

The non-directionality of van der Waals, ionic, 
and most metallic bonding can produce only densely 
packed arrays of small units showing periodicity of 
structure. For the purpose of describing these struc- 
tures, the simpler aspects of crystallography are 
presented. These include lattices as scheme of 
repetition, patterns of atoms to be repeated, crystal- 
lographic coordinates, planes, directions, forms, 
multiplicities of zones, stacking orders in close- 
packed crystals, and examples of all the basic, 
simple crystal structures. This completes the first 
section of the course: 


Structure and properties 

The second major section discusses the relation 
between structure and properties of pure or nearly 
pure substances. We begin with the relation be- 
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tween structure and mechanical and dielectric prop- 
erties of polymers and ceramics, and then pass to 
the phenomenology of electrical conductivity of 
nearly free electrons in metals, relating their mobil- 
ity to the mean free path of the carriers. The latter 
is, in turn, related to thermal vibrations, to impurity 
content, or any other interruption in crystal period- 
icity. A simple extension is made to semiconduc- 
tors, where the same treatment applies to the con- 
duction electrons and where hole conduction also 
plays its vital role. Extrinsic conduction in n- and p- 
type semiconductors is discussed, and this leads to 
a brief description of rectifying junctions, diodes, 
transistors, solar batteries and other semiconductor 
devices. 

Following this is an explanation of magnetic 
phenomena. The electronic mechanism of dia-, para- 
and ferro-magnetics is explored to lay the basis for 
understanding the behavior of magnetic metals and 
alloys and the magnetic oxides. It is also convenient 
to introduce the ceramic ferro-electric materials at 
this point because of their phenomenological simi- 
larity to ferro-magnetic materials. 

The discussion of nearly pure substances ends 
with an account of their mechanical properties. 
First to be considered is the elasticity of pure crys- 
tals in which the full tensor expression of Hookes 
law is developed and applied to the more important 
crystal systems. Understanding of the components 
of the stress and strain tensors is an important ob- 
jective in this development. Response of crystals to 
various stress tensors is discussed, and the averaging 
of crystal elasticity over all orientations to yield 
the isotropic properties of random crystal aggre- 
gates is shown. 

Plasticity is next treated, first from the phenom- 
enological point of view. We describe slip and slip 
systems, the critical resolved shear stress, work- 
hardening, creep and fracture of single crystals and 
polycrystalline aggregates. There follows a rather 
detailed but descriptive account of dislocations, 
showing why they are necessary, what their proper- 
ties are, and how they account for observed phe- 
nomena. 


Alloying 

The third major section deals with multicom- 
ponent systems; that is, with the effect of alloying in 
the most general sense of the word. We begin by 
describing liquid and solid solutions and lead easily 
to the concept of a thermodynamic phase. The ideas 
of components, state, and state variables are then 
introduced and the Gibbs phase rule is derived and 
explained. Throughout the ensuing discussion of 
binary phase diagrams, the phase rule is constantly 
invoked to show their possible forms. We develop 
and exhaustively discuss simple eutectic and peri- 
tectic behavior and lead gradually to diagrams of 
considerable complexity. Emphasis is always on the 
prediction of equilibrium microstructure from the 
diagrams, and on the relation between these micro- 
structures and properties. The simple rules of Hume- 
Rothery, which interpret the similarities and differ- 
ences between phase diagrams in terms of funda- 
mental atomic properties, are cited as means of ex- 
tending prediction to new, unexplored alloy systems. 
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Kinetics 

The fourth and last major section deals with the 
general topic of kinetics, particularly the rates of 
phase transformation upon which heat treatments 
depend. The fundamental mechanism involved in 
diffusion is discussed in some detail, from the stand- 
point of mechanism and magnitude, as a function 
of temperature. There follows a descriptive but 
thorough treatment of the nucleation of a phase 
transformation at sub-critical temperatures and of 
subsequent growth of the particle. In this way the 
T-T-T curve is derived. We are now in a position to 
show how heat treatment can modify the equilib- 
rium microstructure, and, therefore, the properties 
of an alloy. This technique is illustrated with age 
hardening of dural and the isothermal decomposi- 
tions in steel, but emphasis is on the generality of 
the technique. The martensite reaction and the effect 
of alloying elements on hardenability are also dis- 
cussed. The alloy steels provide a fine example of 
how a good portion of the knowledge gained in the 
course can be put to use: the control of microstruc- 
ture and, with it, the development of an array oi 
properties of high utility. 

The course ends with a fairly brief discussion of 
corrosion as a kinetic process, showing some of the 
principle mechanisms and means used to control it. 


Conclusions 

It will be apparent that the foregoing, when 
packed into a single-term course, produces a very 
large density of information. Many curricula do not 
provide for more than a single term at this time, and 
therefore this density must be tolerated. To make 
the course workable as well as useful, emphasis on 
general principles rather than details or examples 
is vital. Even in a two-term course the density 
would remain high, but there would be opportunity 
for enrichment of the content with fuller treatment 
and more examples. We believe the importance of 
this subject demands a two-term course, and that 
inevitably this will become the rule in engineering 
curricula. 

Finally, we wish to note that, notwithstanding a 
number of materials texts that have appeared in the 
last two years, most are quite unsatisfactory for use 
in a course like the one described. One might sus- 
pect that the large demand for texts occasioned by 
the recent growth of materials science courses in 
engineering curricula led to offerings of the most 
readily available manuscripts—without much re- 
search into needs in this field. Some of the new 
books are sketchy in content or fail to penetrate the 
fundamentals. In others, one has the impression that 
a few chapters on non-metallic substances have been 
grafted onto metallurgy texts in order to bring them 
under the materials classification. Still others sup- 
ply a great wealth of detail along with a fairly 
fundamental treatment. These latter can be used in 
this course, but at the cost of some lack of clear 
emphasis on the fundamental principles upon which 
the course must necessarily dwell. New text book 
offerings in this field are still very welcome and will 
be watched with interest. 
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THE FUTURE 
OF PROCESS METALLURGY 


Process metallurgists—cast adrift by the materials engineers and ignored by 
the chemicals—are still needed and should be trained to complement, rather 


than conflict with, allied fields. 


by T. B. King 


discussion of educational methods should not be 
taken to imply that there is necessarily much 
wrong with the present system. Continuous reap- 
praisal, agonized or otherwise, is good for educa- 
tional liberals and conservatives alike. For we have 
to convince ourselves, in the atmosphere of the 
many pressures that are exerted upon us, that our 
present methods are indeed the most satisfactory. 
The process metallurgist, and indeed any other 
kind of metallurgist, is not fairly regarded as a 
scientist. By definition he is an engineer, whether 
or not the word appears in his title, but he is both a 
scientifically-trained and a_ scientifically-minded 
engineer. He is concerned, as are other engineers, 
with things, with materials, structures, devices, with 
the applications of science rather than its own pur- 
suit. An engineer makes, specifies, processes, or uses 
materials of many different kinds. In recent years 
it has become evident that the making of useful raw 
materials, such as metals, is a smaller part of the 
whole field of metals than many process metallur- 
gists allow themselves to think. In fact, the only 
justification for regarding process metallurgists as 
in any way a separate class of engineers is that there 
does exist a demand for people combining a broad 
knowledge of metals with training in physical chem- 
istry, thermodynamics, and the principles of chem- 
ical engineering. The argument that there can only 
be one type of metallurgist, whose training should 
fit him equally for processing and utilization in in- 
dustry, may be good in principle but is liable to be 
poor in practice. 


Process, extractive, chemical metallurgy 


The scope of process metallurgy can be defined in 
many different ways, but a commonly accepted in- 
terpretation is that it covers all the separation pro- 
cesses from the initial ore to the pure or alloyed 
metal, cast in a semi-finished form. The term ex- 
tractive metallurgy probably defines its scope some- 
what better, since process metallurgy is often con- 
fused with metals processing, the latter being taken 
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to mean the shaping of metal to further semi-finish- 
ed or finished products. The field is a little more re- 
stricted if the name chemical metallurgy is adopted, 
since this would seem to exclude purely physical 
processes which form the backbone of that portion of 
extractive metallurgy which is often included in 
mineral engineering. Although there is something 
to be said for this last name, it would not be correct 
to exclude the beneficiation and concentration of 
ores. 

Before looking at the future of process metallurgy, 
we should consider its past and present. A good rea- 
son for so doing is that one is better able to appre- 
ciate its existence as a separate field and to see 
wherein there may be deficiencies in present teach- 
ing methods. 

All engineering subjects have as a reason for their 
existence the fact that there is appreciable industry 
demanding such training. There would be little 
justification for the existence of metallurgy as a 
separate engineering discipline were it not for the 
fact that metals comprise the largest group of useful 
engineering materials. If metals were not produced 
in such large quantity there would be even less 
justification for regarding process metallurgy as 
important enough to be distinguished from physical 
metallurgy. 


Processes in the metals industry 


The history of the metals-producing industry is 
one of continued process development for a few basic 
metals, principally steel, copper, lead, zinc, tin and, 
in more recent years, aluminum and magnesium. In 
the last two decades there has been a demand for 
quantity production of many newer metals. For 
most of these, processes applicable on a small scale 
have long been known, but the incentive for quantity 
production methods has had to await the discovery 
that these metals have useful properties when care- 
fully purified. Industrial production of reactive 
metals such as uranium, thorium, titanium, zircon- 
ium, hafnium, columbium, and the rare earths has 
meant the introduction of many techniques new to 
metallurgists and modifications of existing methods. 
Ion exchange, solvent extraction, chloride reduction, 
and vacuum methods are examples of techniques 
that were familiar enough to researchers, largely 


OCTOBER 1959, JOURNAL OF METALS—691 


4 
] 
the 
& 
7 
jes 
4 


in chemistry, but with which metallurgists had to 
acquaint themselves. 

At the same time, there have been continued im- 
provements in existing techniques for producing the 
more common metals. Demands for increased quality 
and cheaper production have kept process metallur- 
gists busy in the steel and large nonferrous indus- 
tries. 

The increased use of metals such as sodium, po- 
tassium, and calcium as heat transfer agents and re- 
ductants forced metallurgists to realize that these 
metals were largely produced by the chemical in- 
dustry. Metals which were by-products of the pro- 
duction of other metals such as lead and zinc, have 
now assumed increasing importance, particular ex- 
amples being germanium and bismuth. This in turn 
has required metallurgists to re-evaluate the pres- 
ent production methods. 

There is a fairly general feeling that metallurgists 
(and particularly process metallurgists) have taken 
a smaller part in these developments than was their 
due. Is this because of basic deficiencies in the way 
in which our process metallurgists are trained? The 
answer might be a qualified “yes,” but there are 
many factors to be taken into account. We must not 
forget that these developments are largely a result 
of our concern with national defense; though the 
transistor and nuclear power have major peacetime 
applications, the incentive for initial development 
was generated through fears for survival. Large 
sums of money were made available for crash pro- 
grams that existing industry was unlikely to finance, 
and thus developments in the metal-producing field, 
as in many others, have proceeded at a very rapid 
rate. 


Supply and demand 


The supply of metallurgists capable of handling 
process work has been less than the demand; thus 
the industries have turned to other fields, principally 
chemical engineering and chemistry, for their pro- 
cess engineers. There is an added reason why they 
should have done so; companies other than the 
steel and large nonferrous producers have entered 
this field in increasing numbers, chemical companies 
in particular. It is natural for chemical companies to 
turn to chemists and chemical engineers to develop 
and operate their processes. Nor should we be sur- 
prised at this trend; many of the pioneer process 
metallurgists were really well trained inorganic and 
physical chemists. 

The question to be examined is whether or not 
process metallurgists would have been able to con- 
tribute more to this expansion in the metals produc- 
ing industry if they had been available in sufficient 
numbers, and if the industries concerned had recog- 
nized where they ought to go for their engineers. 
Perhaps the answer is to be found in the fact that 
increasing numbers of chemical engineers have 
found their way into an ancient strong-hold of the 
metallurgist, the steel industry. It would be idle to 
pretend that none of them have a place there, and 
that they are occupying positions properly filled by 
process metallurgists, but perhaps this trend indi- 
cates a deficiency in process metallurgists. It may be 
true that the chemist and the chemical engineer 
can supply something that the present process metal- 
lurgist lacks, particularly in the design and oper- 
ation of newer processes. In some schools, we may 
have overreached ourselves in expanding and broad- 
ening the curriculum in structure and properties of 
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metals at the expense of processing. At the same 
time, the basic metal-producing industries have 
been negligent in their use of process metallurgists. 
There has been no great incentive to attract students 
into the field, for the jobs given to them have often 
not been commensurate with their talents. 


Teaching process metallurgy 
The pattern of education in process metallurgy 
has changed even as the industry has changed. But 
to a large extent the change is a result of post- 
mortem rather than prognosis, or even diagnosis. 
Early instruction, particularly in process metal- 
lurgy, tended to be descriptive in nature, the idea 
being that the metallurgical engineer had to be 
ready to step into industry and be capable of oper- 
ating an existing process. However, the correct num- 
ber of nuts and bolts on a copper converter is neither 
a challenging nor even an interesting discussion. 
Physical chemists opened our eyes to what was 
really fundamental about most of our metallurgical 
processes. Unfortunately, since then we may have 
embraced physical chemistry (particularly thermo- 
dynamics) so fervently that we neither noticed nor 
cared that inorganic chemistry can be a fascinating 
and useful subject. More recently the trend has been 
to incorporate what is called the chemical engineer- 
ing approach, in which extractive processes for the 
multitude of metals in which we are interested are 
grouped together on a more fundamental basis, for 
example, in terms of the phases involved. This is 
perhaps the only correct approach. It involves 
analysis of processes in terms of their engineering 
and chemical fundamentals, with later integration. 
The branching of curricula into two options, one 
concerned with process metallurgy, the other with 
physical metallurgy, is frowned upon in some quart- 
ers and encouraged in others. Yet, it may be inescap- 
able if metallurgists are to hold their own with 
chemical engineers in the producing industries. 
Gradute instruction, at least to the M.S. level, is 
another possible solution to the difficulty, but ad- 
vanced degrees in process metallurgy are not num- 
erous enough at present. However, if we do not 
supply depth to our process education the chemical 
engineers may eventually engulf us. From the 
standpoint of survival we should be unwilling to see 
this happen, and as a matter of providing the correct 
man for the job, we should still be unwilling. The 
chemical engineers have somewhat neglected high 
temperature processes—with the exception of com- 
bustion—which are of principal concern to the pro- 
cess metallurgists, and they are certainly less well 
acquainted with the products of such processes. 
This latter deficiency is an important one. One of 
the distinguishing characteristics of the process 
metallurgist is that he has an appreciation for and a 
knowledge of the structure and properties of his 
product. Such knowledge is essential, for example, 
in the operation of refining processes. In a similar 
fashion, the physical metallurgist is aware of the 
limitations of the material he uses because he knows 
something of the methods by which it is produced; 
few other engineers possess this type of training. 


Depth vs breadth 


The question of a broader versus a deeper educa- 
tion for the metallurgist is the same question that 
plagues educators in other engineering fields. The 
fact that the engineer exists for industry, not vice- 
versa, means that we tailor our students to the in- 
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dustrial demand. This does not mean that we aban- 
don the right or privilege to decide how best to go 
about this, but whether or not the demand exists is 
something that industry and not the educator de- 
termines. 


Iron and steel processes 

It is easy enough to venture, in a somewhat gen- 
eral way, what will happen to the metal-producing 
industries in the future. In the steel industry, where 
demand for the product is unlikely to slacken in the 
foreseeable future, we should expect further devel- 
opment of existing processes and certainly the in- 
troduction of some new ones. There is nothing wrong 
with batch processes in principle, and we should not 
expect to see steelmaking suddenly take on all the 
aspects of a continuous operation. But there is room 
for a measure of continuity in the production of the 
common types of steel. It would not be especially 
difficult, given somewhat improved constructional 
materials—especially refractories—to adapt even the 
present integrated steel plant to semicontinuous op- 
eration through ore processing, smelting, refining by 
oxygen injection, deoxidation and alloying, and fi- 
nally continuous casting and rolling to shapes. There 
will be further attempts to combine ore reduction 
and refining in existing furnaces, or development of 
direct steelmaking processes. These are not radical 
changes, but they involve economic and engineering 
problems. More automatic control and program- 
ming is inevitable. Vacuum processing will increase 
its impact, and there should be techniques to pro- 
duce steels essentially free of inclusions. 

Generally, for the cheaper steel with less critical 
applications, we should expect the main develop- 
ments to be in the direction of cheaper and faster 
production techniques with more automatic control. 
In the higher-quality alloys, distinct improvements 
in quality will result from better deoxidation tech- 
niques, whether under vacuum or through the use, 
under pressure, of more powerful deoxidants such 
as calcium. 


Nonferrous processes 

In producing the more common nonferrous metals, 
such as copper, lead and zinc, the pattern may be 
similar, though it must be admitted that processing 
techniques in these industries do show considerable 
ingenuity at the present time. The same is true in 
the production of aluminum and magnesium, and, 


as with many of the other metals, eventually poorer 
raw materials than bauxite will be developed. The 
best source of supply is always exploited until it 
becomes economically feasible to turn to poorer 
sources, Only then is there a chance of ingenuity in 
the development of new concentration and refining 
techniques. It is likely that a combination of mineral 
engineering and pyrometallurgical techniques will 
be more fully exploited in the future. The US Bu- 
reau of Mines has, over the years, produced many 
examples of ingenious extraction methods of this 
type. As a general trend, it may be that the se- 
quence of concentration, extraction, and refining 
will be modified somewhat, as it has been with ti- 
tanium and other reactive metals, with more em- 
phasis on the preparation of the pure compound be- 
fore reduction to the metal. 

Still more metals are likely to become commer- 
cially desirable, either for their properties in the 
pure form, as alloying additions, or as part of 
composite materials. Among them are many which 
are very reactive, such as the rare earth metals, so 
that halide reduction and electrolytic processes 
should be quite important. For other metals, the 
possibilities of carbon reduction have not been fully 
explored, particularly in conjunction with the use 
of rather low pressures, which were not available 
on a very large scale until recent years. In proc- 
esses involving gases, it is likely that higher pres- 
sures will become more commonplace, since reac- 
tions of liquids and solids with gases are facilitated 
by operating at high pressures in which the gas 
molecule concentrations come a little nearer those 
of the liquid. This is a technique which has been 
used in the chemical industry, even when there is 
no direct advantage through displacement of the 
equilibrium. In general, the reduction techniques 
for the more reactive metals are not in an entirely 
satisfactory state, and the laborious batch processes 
will have to give way, to some extent, to steady- 
flow processes more typical of the chemical industry. 


Refractories 

There is great scope for development in refrac- 
tories; this may well be the key to the introduction 
of higher processing temperatures. Many vacuum 
processes could be operated at much higher tem- 
peratures through the design of vessels in which the 
container, in the form of an outer shell, is kept 
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quite cool, while the interior reaction chamber is at 
a much higher temperature. The Simplex ferro- 
chromium process is an example of such a process. 

Much of the art which still remains in process 
metallurgy can be expected to disappear in the near 
future. The view that the processing history has an 
influence on the properties of the metal even though 
all possible concrete influences have been taken 
into account is still held in some quarters. There 
ought to be changes in the techniques available for 
solidification of metals which are produced initially 
in the liquid state; it is time we were able to control 
the direction and nature of crystal growth with 
a little more certainty. 


New processes 

Possibly the greatest challenge to the future 
process metallurgist lies in the development of es- 
sentially new processes, and it is here that his 
possible weaknesses, as compared to the inorganic 
chemist and the chemical engineer, may become ap- 
parent. Certainly in the scaling-up of new proc- 
esses to production size, the chemical engineer 
seems to preserve a temporary advantage. Never- 
theless, we may soon voice the same complaint as do 
many chemical engineering departments; we no 
longer teach sufficient chemistry—this should be 
done not for a detailed knowledge, but to develop 
an attitude of mind through association. 

To outfit metallurgists for the process industry, 
education must keep pace with an expanding tech- 
nology which will see the use of higher temperatures 
and higher and lower pressures in new extraction 
methods. It is not enough to be able to recognize a 
process on paper; it also has to be engineered. This 
does not imply that we have to equip our students 
to handle the last details of such processes. Although 
these processes may well involve considerable au- 
tomatic control and programming, we should beware 
of falling into the obvious trap—computer operators 
are specialists, and it is sufficient for a metallurgical 
engineer to know only the rudiments of program- 
ming as the employer of such specialists. The 
present position of the analytical chemist in in- 
dustry is a graphic example of this danger. Simi- 
larly, the engineer of the future need not be bur- 
dened by education in process economics. The dollar 
sign is somewhat stultifying to the creative engi- 
neering mind; he should respect the economists 
views, but not be intimidated by them. 

We should be less concerned with the addition 
of new material in the education of the process 
metallurgist than with whether or not we have the 
correct approach to his present curriculum. It is 
said, with some justification, that present metallur- 
gical education is lacking in any adequate treatment 
of process kinetics. Chemical engineering is always 
pointed to as the ideal we should attain. Coupled 
with this, however, is often the suggestion that we 
have gone far enough in thermodynamics. While 
this may be doubted, perhaps we have disposed of 
inorganic chemistry too lightly. These three areas 
are the key to the education of a metallurgist who 
can make his contribution in the process industry. 
In fact, it can be argued that they are the basis of 
of the training for almost any metallurgist. Al- 
though there are some larger questions to be con- 
sidered, we should look to these three areas first 
of all. 


Thermodynamics 
In the first place, it is likely that process metal- 
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lurgists have not been taught sufficient thermody- 
namics. In general, there have been two ways of 
attacking the problem, both of which involve first 
exposure to thermodynamics in the chemistry de- 
partment, where the emphasis is on the chemical 
thermodynamics of low-temperature solutions. The 
second exposure often comes in the metallurgy de- 
partment, and is either very much a thermody- 
namic calculation course or a stringent repetition of 
the first course, but with the examples chosen from 
systems of more interest to metallurgists. It is 
doubtful that either of these methods is sufficient. 
It might be preferable for the first exposure to deal 
almost exclusively with the principles of thermody- 
namics in a rather rigorous fashion with applica- 
tions, by way of example, in all fields. The second 
exposure might recognize that metallurgists use 
thermodynamics as a tool. We should develop the 
same confidence in treating thermodynamics as we 
have in mathematics, where we recognize that early 
education in mathematics should be rigorous, but 
further education, especially of the engineer, should 
treat the subject primarily as a tool. This does not 
mean that the student is supplied with a list of 
formulae for particular situations, for this can never 
be called teaching, but at the same time there is no 
attempt to teach the engineer how to make excur- 
sions into the realm of pure mathematics. Our un- 
dergraduate metallurgists will use thermodynamics 
in their career as a tool and it is better that they 
should know the fundamental features of the tool 
and know well how to use it in a variety of situa- 
tions. 

Our process metallurgists know too little of the 
properties of solutions and the use of activity co- 
efficients. Their knowledge of the phase rule and its 
applications is often less than rudimentary. To the 
engineering mind, it is by applications that the 
phase rule becomes clear and reveals itself as a pos- 
sible tool in other situations. Rigid derivations are 
of less interest to the metallurgist than a clear 
knowledge of the exact conditions and limitations 
under which a particular thermodynamic expression 
may be applied. There is no easy solution to this 
problem of teaching thermodynamics. 


Mechanical engineers not qualified 

In some efforts to attract students into metal- 
lurgy, we may have gone too far in the direction 
of making it easier for mechanical engineers to 
swell our ranks and have forgotten that what we 
are dealing with is essentially applied chemistry. 
We should abandon this pretense, perhaps by rein- 
troducing the name chemical metallurgy for that 
portion of our training. Most process metallurgists 
are lacking in knowledge of inorganic chemistry and, 
unless they have been exposed to the better meth- 
ods of teaching mineral engineering, in knowledge 
of aqueous solutions. Pressure-leaching techniques 
are common knowledge to many chemists, but are 
imperfectly understood by most metallurgists. Since 
the abandonment of qualitative and quantitative 
analysis courses, metallurgists have too little ap- 
preciation for the chemical properties of the ele- 
ments. Certainly metallurgists can make a fair list 
of the more common metals according to their 
oxygen pressures, but of their reactions with many 
other metals and non-metals (and especially reac- 
tions with organic materials) they know too little. 
It is ironic to note that broadening our curriculum 
in metallurgy to take account of other materials 
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would probably demand that this situation be 
corrected. 


Teaching kinetics 

in many ways, concern over our methods of 
teaching kinetics to process metallurgists is justified. 
Courses in classical chemical kinetics are less than 
useful —if anyone can find a homogeneous reaction 
of importance in metallurgy, this statement will be 
retracted. All our useful reactions are heterogen- 
eous, in the sense that they take place by interaction 
between two phases, not by reaction of a homogene- 
ous phase at a surface on which adsorption can 
take place. Here the chemical engineers have a 
significant advantage over us. Nevertheless, we 
should not make the mistake they are making in 
developing their own kinetic treatments. We should 
not go to a non-analytical approach to kinetics in 
which we are concerned with an overall process, 
using rate constants whose nature is poorly speci- 
fied, but which give agreement with experiment. 
The method has utility, but we are not likely to 
make the progress that is required in kinetic treat- 
ment of processes with a strictly empirical tech- 
nique. 

One of our teaching problems in kinetics is that 
we tend to separate many very similar things. We 
teach heat flow, diffusion, and fluid flow; some- 
times we take a unified view of these things, but 
more often we teach them as separate entities; this 
is obviously wrong. The processes of heat, mass, and 
momentum transfer are essentially similar in fluids, 
as are the processes of heat transmission by con- 
duction and mass transport by diffusion in solids. If 
a student cannot immediately convert a solution in 
an unsteady-state problem in heat transfer to the 
similar case for mass transfer, he does not under- 
stand what he is doing. Nowhere is this deficiency 
more apparent than in the treatment of boundary 
layer theory, a much misunderstood subject: yet 
this theory is essential to an understanding of met- 
allurgical process kinetics which must deal with 
many reactions involving fluids. We are hampered 
by a lack of adequate data and by the paucity of 
research on metallurgical systems, but we make in- 
adequate use of what is available. 


Materials engineering — a threat? 


There is another question mark in our future. 
Solid state physicists have made us feel uncomfort- 
able enough in our role as physical metallurgists 
that a demand for materials engineers brings fur- 
ther soul-searching and feverish activity. The 
trend in this direction will not be denied, and it 
seems to leave extractive metallurgy even further 
out in the cold. Material structure and properties 
occupy the largest part of proposed materials cur- 
ricula, though it seems that for materials engineers 
some consideration of the processing of raw mate- 
rials into useful objects cannot be left out. Nowhere 
is there consideration of the broader counterpart 
of process metallurgy. 

Is our future home in such a situation to be in the 
arms of the chemical engineers? An argument, 
based on expediency, is that the process metallurgy 
field is too large to be so encompassed. Yet, if 
physical metallurgy develops into materials science 
and engineering our position seems to become illogi- 
cal. Broadening our scope to include the preparation 
of other materials would seem to mean further 
overlap with chemical engineering, especially if we 


attempt to include polymers. The problem is largely 
one of a name. A department concerned with mate- 
rials may be unbalanced if it teaches the structures, 
machines, and devices, yet includes only the ex- 
traction of metallic materials. 


Chemical and metallurgical engineering 

There is no obvious and easy solution to this 
problem, partly because the manner in which 
materials may be introduced to present undergrad- 
uate metallurgy curricula is not by any means clear. 
Where there is already close cooperation between 
departments of chemical and metallurgical engi- 
neering, the problem would seem less serious; to 
some extent the talents of both departments are al- 
ready combined. Perhaps the most desirable solu- 
tion is that such combinations should become even 
stronger in the future. Where such situations exist, 
there is an ideal opportunity for development in the 
direction of broadening the interests of both 
metallurgists and chemical engineers. There would 
have to be sufficient elective time to allow a student 
to bridge the gap that presently seems to exist be- 
tween chemical engineering and metallurgy. I be- 
lieve that such integrated departments could make 
great contributions in both fields. 

In other cases, it is unlikely that such a combi- 
nation can ever be developed. Many metallurgy 
departments pay only lip-service to processing or 
extraction; nor is it desirable that there should be 
conformity in every metailurgy department in the 
country. It seems that the strengths of many de- 
partments lie in the fact that they are noted for 
specialization in one aspect or another of metal- 
lurgy. Their size is such that any attempt to cover 
the entire field would only result in dilution, to the 
great detriment of the departments. 

There are other, larger departments of metal- 
lurgy whose students are in demand by both metal 
producing industries and the larger number of 
utilization industries. For such departments, the 
broadening of interests to include other materials 
poses the particular problem that their process-in- 
clined engineers may no longer look so desirable to 
the metals industry. In the foreseeable future, such 
departments should not abandon the attempt to turn 
out a suitable process metallurgist by delegation of 
such responsibilities to chemical engineering. How- 
ever, we have to convince the process industries 
that we have something to offer, and this will only 
come about through a greater concentration on 
chemisty, useful thermodynamics, and especially 
process kinetics. Perhaps our saving grace will be 
in the recognition that graduate process metallur- 
gists are a very desirable product. Some of the 
luster that present graduates shed will certainly 
be reflected to the undergraduates trained along 
similar lines. 

This is suspiciously like a policy of laissez faire. 
Its end result should see the employment of more 
and more chemical engineers working together with 
process metallurgists in the metals-producing in- 
dustries. While such combinations are good, they do 
mean that growth in process metallurgy training 
may be somewhat curtailed in the future. What we 
have to avoid, and what we can avoid by slight 
modifications in our present training and by way of 
example from our good students, is the feeling that 
the chemical engineers are preferable to process 
metallurgists, rather than a complement to their 
efforts. 
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INDUSTRY’S VIEWPOINT 


ON TRAINING | 


by George A. Roberts 


NDUSTRY—by which is here meant the metal-work- 
te industry, and which has been estimated to 
represent, in its broadest sense, 40 pct of our total 
economy—does three things: it buys, it makes, and 
it sells. Since it also buys the product of the engi- 
neering schools, it is possible to approach this sub- 
ject as if one were writing a specification—one for 
the graduate engineer. In this specification, the 
qualities that industry wants and expects should be 
listed. Yet, there are naturally variables depending 
upon the job to be done. 

A qualification is necessary here. Metallurgy and 
materials are words currently employed in a se- 
mantic and pedagogical battle among educators and 
some industrial engineering leaders. It is not neces- 
sary here to get involved in this discussion; the 
principles of concern should be applicable whether 
we train broad wood-plastic-ceramic-metallurgists, 
metallurgical physicists, solid state engineers, or 
indeed, any kind of engineer. 

It is obvious that there is no one person who is 
qualified to speak for all of the metal-working in- 
dustry as it has been defined. The writer’s experience 
has been in the steel industry, and perhaps more 
important, with a small company. The problems of 
such a small enterprise, where professional em- 


GEORGE A. ROBERTS is vice-president, technology, Vanadium 
Alloy Steels Corp., Latrobe, Pa. This paper was presented at the 
Annual meeting of the American Society for Engineering Education, 
June 1959, and is published with the permission of ASEE. 
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IN METALLURGY AND MATERIALS 


A competent engineer, grounded in fundamentals, who is a professional 
man in every sense of the word is the type of graduate that is here specified. 


ployees may number under 30, the needs for 
greater breadth and vision per individual, and the 
needs for stability in the professional force, all of 
these factors may play a greater role here than they 
would in the views of someone differently situated. 


Industry functions 


The variables in our specification will depend first 
on the type of industry doing the purchasing. 

Metallurgical graduates are employed in relatively 
large numbers by the electrical, metalworking, 
automobile, oil, chemical, and research industries. 
They are also absorbed in significant percentages 
by the government and the universities themselves; 
in the latter case, a form of interplant sale or trans- 
action for which specifications should be, perhaps, 
written stringently by the educators themselves. 

The steel industry, for example, employs the 
product in many functions and is not limited in its 
purchasing search to any one type of individual, or 
to any one final opportunity for him. The subject 
content of the specification may vary geographic- 
ally; none of these variations, however, affect the 
substance of the specification which is of concern 
here. 

The aforementioned industrial formula of buying, 
making, and selling carries over to the universities 
themselves. By encouraging enrollment, screening 
candidates, and admitting students they perform 
the buying function; training them for a finite 


* 


number of years constitutes the making function; 
while the selling function is effected through place- 
ment activities, organized or unorganized. 

All three of these central functions also become 
involved in the attitudes of industry toward the 
product. Big corporations may differ considerably 
from small companies in this regard, where separa- 
tion of the three is not only more easily accom- 
plished, but, in fact, desirable and mandatory for 
efficiency of employment of the graduate. Here 
specialization in course content, in knowledge ac- 
quired, and in attitudes of work can be tolerated, 
whereas they may not be desirable in the small 
manufacturing unit. 

Regardless of size, however, these are the things 


we find metallurgical engineers doing after they 
leave college: 


Research 
Development 
Process Planning 
Sales 

Direct 

Sales Engineering 


Technical Services 

Related to Selling: 
Customer Service 
Laboratory Operation 
Consultation and Advice 
Writing 

Related to Buying: 
Specifications 
Process Control 
Inspection 


Administration— 


effectively applicable to all of the above 
items. 


Among several of these, the level of training, re- 
quired intelligence, and pay may differ. But, at the 
undergraduate level this observer does not believe 
a different level, type, or degree of curriculum is re- 
quired. Broad specialization will be inevitable from 
university to university, from professor to profes- 
sor, from district to district, but early and detailed 
specialization could easily, and perhaps, should be 
avoided. 


Training in industry 


Industry expects to do a certain amount of train- 
ing in the details of its peculiar technology. Too 
often it seems an undergraduate curriculum deals 
so much with the items of training more suited to 
the level of technicians than to the professional 
man. While it is a truism that the doing is most of 
the learning, that to instruct, teach, or train, or 
supervise later in life, the graduate should have 
done with his own hands or brain the things tech- 
nicians are so readily available to perform, there is 
distinct limit to the extent this training is needed. 
While learning to do, he should have learned to 
create thoughts or ideas surrounding his new 
medium, machine, or tool; to appreciate the crea- 
tiveness inherent in the science brought to that point 
for him by his predecessors. In one broad grasp— 
one large image—he should see the past, the raison 
d’etre, the present, the use and at least the curtain 
to the future. He will sooner or later peer through, 
or around it. 


Research and development are not alone in this 
sense. None of the listed activities can be done well 
without a curious mind, a creative urge. This need 
exists in sales, in control, in service, as in research. 
We have quite enough drones in the industry—yes, 
and metallurgical ones. 


Status of technicians 


Technicians are truly a factor to be reckoned 
with. During the recent years of searching for 
reasons why more metallurgical graduates were not 
available, and in fact, why engineers in all cate- 
gories were in short supply, many companies dis- 
covered the technician as a means of increasing the 
efficiency and output of their core of engineering 
personnel. They found that technicians are avail- 
able, trainable, and talented. They found many 
young high school graduates who, with modest 
training, could perform services even beyond some 
of their professional staff. Such a consideration 
should be uppermost in the mind of engineering 
educators, who must see that their product is better 
than the industry can make in its narrow self- 
interest. The schools must sell a superior product 
whose usefulness is unquestioned and whose ad- 
vantages are self-evident. 


Professional training 


To have a professional man, the university must 
teach him such that he is never to be mistaken as 
a mechanic or a technician (the reverse is far from 
the truth). How can this be always accomplished? 
As is obvious, by training him soundly in the basic 
fundamentals of his chosen field. 

This does not mean all theory. Facts, data and 
perspective are fundamentals. Chemistry, physics, 
and mathematics are fundamentals. Phenomena, 
too, can be fundamental. The inter-relation of facts, 
or of phenomena are fundamentals of importance. 
For a metallurgist, these fundamentals need to be 
taught about metals and materials. Industry wants 
men so trained. 

Industry also looks for the man. The schools are 
ready to sell their product, industry to buy. The 
article is too often not ready for sale as a man: in- 
secure, fumbling, groping with no sense of the 
world in which he will step or will mark or will 
run someday; no understanding of the makeup of 
the industrial world which beckons him. Such 
shortcomings are not universal, yet it seems to be 
a statistical function of the school from which he is 
produced. Why? This is a tough question, but it can 
be avoided or corrected by modern courses which 
touch on the world outside as it is, not as it is 

dreamed to be by professor or industrialist. 

Industry looks constantly for leaders, for crea- 
tiveness, for men capable of independent action. It 
looks for rationality, for a method of scientific ap- 
proach to all problems. It wants an ability to evalu- 
ate problems, or perhaps, even more important, an 
ability to evaluate answers. It wants men who can 
communicate. It wants men who can intermingle. 

Industry wants men who can appreciate our cul- 
ture and our heritage. It wants men to be politically 
aware, to be community minded, to be profession- 
ally inspired. 

Is this a sufficiently difficult specification? In fact, 
it is supposed to be. And it is safe to say that in- 
dustry will always provide a ready market for 
such a product. 
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Phases and Processes 


Semiconductor Metallurgy 


by J. H. Wernick, 
Bell Telephone Laboratories 


E MPHASIS on research and appli- 
cations of semiconducting compounds 
was evidenced at the Conference on 
Properties of Elemental and Com- 
pound Semiconductors, sponsored by 
the IMD Semiconductors Committee 
of The Metallurgical Society, in Bos- 
ton August 3lst to Sept. 2nd. The 
Conference was successful, as attested 
by the quality of the papers pre- 
sented and the fact that the attend- 
ance was 490. Highlights of the 
papers are presented below. 

Stoichiometry in Compound Semi- 
conductors was discussed by W. W. 
Scanlon of the Naval Ordnance Lab- 
oratory. Most compounds exhibit 
deviations from ideal stoichiometry, 
resulting in electron or hole conduc- 
tivity type, depending on the nature 
of the deviations. Equilibrium equa- 
tions, involving vacancies and 
anions and cations in the solid and 
vapor states, can be written and 
analyzed. 

Materials Research on GaAs and 
InP for High-Temperature Transis- 
tors was discussed by L. Weisberg 
and F. D. Rosi of RCA. These Group 
3-Group 5 compounds have rela- 
tively high energy gaps and electron 
mobilities and, therefore, are poten- 
tially useful for high-temperature 
devices. The materials research en- 
compasses the preparation of single 
erystals of high purity and their 
subsequent evaluation by means of 
electrical measurements. Purifica- 
tion procedures and single crystal 
growing techniques were discussed. 
The electrical behavior of a number 
of impurity elements was also pre- 
sented. Minority carrier lifetimes of 
0.1-0.3 « sec in GaAs were reported. 
J. M. Whelan, J. D. Struthers and 
J. A. Ditzenberger of Bell Telephone 
Laboratories presented distribution 
coefficients for Si, Ge, Cu, and Fe 
in GaAs. Upper and lower limits 
for the distribution coefficients of 
the volatile impurities S, Se, Te, and 
Zn were also presented. As the com- 
pound semiconductors become in- 
creasingly important, this kind of 
physio-chemical information is 
needed for controlled technological 
processess. 

R. Davis of Westinghouse dis- 
cussed the Properties of SiC and 
GaP for Power Rectification. GaP 
appears to be suitable for operating 
temperatures of the order of 400°C 
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and perhaps higher. The purity and 
crystal perfection problems for 
these materials are still present. 

Materials for Thermoelectric Ap- 
plications, such as Bi:Te,-Bi.Se,- 
Sb.Te, solid solutions, InAs-InP 
solid solutions, and GeTe, were dis- 
cussed by R. W. Ure, Jr., R. Bowers, 
and R. C. Miller of Westinghouse. 
GeTe appears to be a useful mate- 
rial at elevated temperatures (500°C 
and higher) for power generation. 
Along this same line, S. E. Mayer 
and A. I. Mlavsky of Transitron dis- 
cussed the Electrical and Thermal 
Properties of Some Silicides; for ex- 
ample, chromium and magnesium 
silicides. Similarly, the properties of 
InAs-GaAs solid solutions in regard 
to power generation were discussed 
by M. S. Abrahams, R. Braunstein 
and F. D. Rosi of RCA. Energy gaps 
as a function of composition were 
presented. These solid solutions ap- 
pear promising for this application. 
C. Kolm and J. J. Giacalone of MIT 
Lincoln Laboratory discussed the 
Thermoelectric Properties of Pressed 
Bi.Te, Powders. Since cast Bi:Te, 
specimens are mechanically weak 
due to pronounced (111) cleavage, 
pressed and sintered elements ap- 
pear attractive. However, much 
work needs to be done in order to 
bring the properties of specimens 
made by this method to the level of 
cast specimens. 

The detrimental and beneficial ef- 
fects of oxygen in Si were the sub- 
ject of one session. The electrical 
effects and heat treatment behavior 
of oxygen dissolved in Si’ were re- 
viewed by H. Reiss and W. Kaiser 
of Bell Telephone Laboratories, and 
a kinetic model which appears to 
explain the experimental observa- 
tions of the donor behavior was 
presented. There is strong evidence 
that oxygen is an interstitial im- 
purity in Si. On the other hand, M. 
M. Atalla of Bell Telephone Labora- 
tories discussed the preparation of 
SiO, films on Si and the important 
possibility that these films may be 
useful for protecting devices from 
detrimental ambients. He _ also 
pointed out that these films can be 
used to create p-n junctions very 
near the surface of silicon doped 
with acceptor and donor impurities. 
The creation of the p-n junction 
will depend on the diffusion coeffi- 
cients and the distribution coeffi- 
cients of impurities between semi- 
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HIGHLIGHTING CURRENT 
DEVELOPMENTS IN 


conductors and oxide film. C. D. 
Thurmond of Bell Telephone Labo- 
ratories estimated the equilibrium 
distribution coefficients of impurities 
between semiconductors and oxide 
film by making use of the free ener- 
gies of formation of the impurity 
oxides. Atalla further pointed out 
that the mechanism of oxidation of 
Si is being investigated. 
Dislocations in Semiconductors 
were discussed by W. C. Dash of 
General Electric. With special em- 
phasis on Si, he pointed out that a 
crystal, initially free of dislocations, 
subjected to slight surface damage, 
and subsequently heated, will con- 
tain a large number of dislocations. 
This is an important consideration 
in device fabrication. It was sug- 
gested that the spiral pits observed 
on (111) Si surfaces are not associ- 
ated with dislocations. The panel 
discussion concerned with The Role 
of Dislocations in Device Proper- 
ties produced many comments from 
the conferees. Dislocations in GaAs, 
as revealed by etch pits, were dis- 
cussed by M. S. Abrahams and L. 
Ekstrom of RCA. Dilute HNO, acid 
is suitable for revealing dislocations 
as etch pits only on the (111) plane. 


A powerful but presently rather 
expensive tool for analysis of semi- 
conductor alloys was discussed by J. 
M. Axelrod and D. B. Wittry of 
Hughes Aircraft Co. It is known as 
the Electron Probe X-ray Micro- 
Analyzer and has rather general ap- 
plication. It makes use of the fact 
that when a small area of specimen 
is irradiated with electrons, X-rays 
are emitted. Local differences in 
composition can therefore be de- 
tected. 


Another item receiving consider- 
able attention is the Esaki or tunnel 
diode, as evidenced by the increas- 
ing number of technical publications 
on the subject. However, no work 
pertaining to this item was discussed 
at the Boston meeting. The quantum 
mechanical tunneling of electrons 
was first observed by Dr. Leo Esaki 
in Ge diodes doped to degeneracy 
(~10" carriers per cc). Diodes of 
this sort have considerable practical 
applications. The metallurgical ef- 
fort associated with this product in- 
volves the preparation of uniform 
highly-doped semiconductors (near 
saturation for some impurity ele- 
ments) . 
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UNITED ENGINEERING CENTER 


COMING! And indeed it is coming — the new United 
Engineering Center, the beautiful building as shown, 
in color, on the reverse side. 


VEC BUILDING FACTS — 18 stories high... 


263,067 sq ft, gross, and 179,885 sq ft, net, Ground breaking and commencement of construction 
almost twice as much net space as in the 
present 39th Street building... auditorium to in October, 1959... Completion of construction 
seat 450 people... the world’s most complete 

engineering library .. the Engineering Index, by March, 1961... Ready for occupancy by July, 1961... 
these are the target dates for the new building. 


Stracting service for engineers...central serv- 
ices to avoid duplication of costs... Archi- 


tects: Shreve, Lamb & Harmon Associates... 
Structural engineers: Seeyle, Steven: n, The New United Engineering Center will rise and 
Value & Knecht... Mechanical and electrical stand as a symbol of a proud and noble 

Turner Construction Company. profession just as its near neighbor, the United Nations 


building, is a symbol of world co-operation in the 
political field. It will be the greatest center for engineering 
interests in the world. It will be a structure in 
which every engineer will have justifiable pride. 


Since there is now no question that the building will be 
erected, the drive for funds cannot be allowed to 
slow down. This message reaches you at a time when 
the societies have just passed the three-quarter mark 
in our fund campaign. The home stretch — and victory 
in this united drive — lie in the weeks ahead. 


Now is the time for all campaign workers to make 
sure that all members of each section have at 
least been approached. It is the time for all sections of all 


THE FUTURE HOME OF THESE societies striy j 
mame oF societies to strive for 100 per cent completion 
American Society of Civil Engineers ol their quotas. It 1S the time for those sections 
American Institute of Mining, Metallurgical alwras av 
which alt eady have reached their money goals 
the to keep trying for contributions from as near 
American Institute of Chemical Engineers 100 per cent of their members as possible. 
American Institute of Consulting Engineers 
American Institute of industrial Engineers 
American Society of Hasting Sehiguetes And it is also the time for those engineers who already 
and Air-Conditioning Engineers 
American Welding Sestetp have contributed to ask themselves: ‘““Have I done 
itluminating Engineering Society > nart ? ava wen ac > rine 
of my part? Have | given as much as my income 
Engineering Index, Inc. and resources permit?” 


Engineers’ council for Professional Development 
Engineers Joint Council 

United Engineering Trustees, inc. 

Welding Research Council 
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AIME OFFICERS: 
PRESIDENT—HOWARD PYLE 
PAST-PRESIDENT—AUGUSTUS KINZEL 
PRESIDENT-ELECT—JOSEPH Lt. GILLSON 


VICE-PRESIDENTS—EeE. Cc. BABSON, THOMAS C. FRICK, 
WALTER FR. HIBBARD, JR., ELMER A. JONES, 
JOHN C. KINNEAR JR., ROGER V. PIERCE 


TREASURER—c. OOOSON 
SECRETARY—ERNEST KIRKENDALL 


AIME STAFF: 


ASST. SECRETARIES—.J. ALFORD, H. N. APPLETON, 


J. C. FOX, R. W. SHEARMAN 


ASST. TREASURER—JOHN LYNCH 


Semiconductors Conf. 
Draws 490 


An attendance of 490—far exceed- 
ing expectations—is one indication 
of the success enjoyed by the Semi- 
conductors Committee of The Metal- 
lurgical Society’s Institute of Metals 
Division in staging its first technical 
conference. Registrants attended two 
days of technical sessions at the 
Statler-Hilton Hotel in Boston on 
Aug. 3lst and Sept. Ist. And, al- 
most one-third of them stayed 
around to visit the Solid State Mate- 
rials section of Massachusetts Insti- 
tute of Technology’s Lincoln Labo- 
ratory the morning of Sept. 2nd. 

The technical sessions were gen- 
erally concerned with metallurgical 
aspects of elemental and compound 
semiconductors. Lively discussion 
indicated that the program organized 
by the Committee held great inter- 
est for registrants, who represented 
universities and government re- 
search activities, as well as a wide 
variety of electronics companies. 

Non-technical activities of the 
conference were limited to a social 
hour and fellowship dinner on Mon- 
day evening, Aug. 3lst. Toastmaster 
T. B. King of MIT, Chairman of the 
co-sponsoring Boston section of 
AIME, prepared the 130 persons at- 
tending the dinner for a_ well-re- 
ceived talk by Prof. Patrick D. Wall, 
also of MIT. Prof. Wall’s topic was 
Sensation and Nervous System. 
After describing the basic mechan- 
ism for transmission of nerve im- 
pulses in living organisms, Prof. 
Wall described the ingenious ways 
in which the nervous systems of 
various animals have adapted to 
their specific situations. 

In view of the success of this 
Fall’s conference, the Semiconduc- 
tors Committee will give serious 
consideration to the possibility of 
holding another meeting in approxi- 
mately one year. Tentative plans for 
a 1961 conference on the West Coast 
had already been formulated at the 
time of this year’s meeting, and it 
is expected that such a meeting will 
still be held. 


INTERSCIENCE TO PUBLISH 
METALLURGICAL SOCIETY 
CONFERENCE PROCEEDINGS 


The Metallurgical Society has 
concluded an agreement with Inter- 
science Publishers, Inc., to publish a 
new series of books, entitled MeEt- 
ALLURGICAL SOcIETY CONFERENCES. 
With the appearance of the first of 
these volumes, a new and important 
phase in the publishing program of 
the Society has begun. Each volume 
of the series will be the proceedings 
of a technical conference sponsored 
by the Society or one of its tech- 
nical committees. 

Flat Rolled Products: Rolling and 
Treatment is the title of the first of 
the series. The volume is just off the 
press, and is priced at $3.75. AIME 
members may purchase their copies 
at a 20 pct discount for $3. Regis- 


METALLURGICAL SOCIETY CONFERENCES 


FLAT ROLLED PRODUCTS: 
ROLLING AND TREATMENT 


ot o Techmcol Conference 


CHICAGO 2). 1999 


EDITED BY T. E DANCY and EL ROBINSON 


INTERSCIENCE PUBLISHERS / EW YORK LONDON 
4 


trants at the Jan. 21, 1959, Chicago 
Technical Conference from which 
these proceedings were taken will 
automatically receive a copy of the 
book as part of their registration 
fee. 

John Chipman, President of The 
Metallurgical Society has this to say 
in his Introduction to the Series: 
“This volume on Flat Rolled Prod- 
ucts: Rolling and Treatment marks 
the first of a series of books that will 
cover the spectrum of metallurgy. 
Here is an exciting new means for 
disseminating technical information 
widely, and in a coordinated and 
up-to-date fashion ... 

“While books in the series will 
vary in composition, printing meth- 
ods, and binding, the format will be 
uniform. The aim is to publish a 
book of high quality at the lowest 
possible selling price consistent with 
the probable demand for the book.” 

Papers on Factors Affecting Strip 
Profile in Cold and Hot Strip Mills 
. .. Influence of Hot Strip Profile on 
Subsequent Operations . . . Continu- 
ous Normalizing of Flat Rolled Prod- 
ucts ... Contiuous Annealing of 
Deep Drawing Sheet .. . Theory and 
Evolution of Coil Heating Practice 
in Steel Mills ... Strip Annealing in 
Liquid Sodium . . . plus a panel dis- 
cussion on The Surface Texture of 
Flat Rolled Products appear in the 
volume, 

Members of the AIME may order 
this and succeeding volumes through 
The Metallurgical Society, 29 W. 
39th St., New York 18, N. Y., and 
receive a 20 pct discount on the 
original price. Non-members may 
obtain volumes of the series by or- 
dering directly from Interscience 
Publishers, Inc., 250 Fifth Ave., 
New York 1, N. Y. 
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Investigate 
the widest 
variety of 
Openings in 
recent years 


at the 


Knolls Atomic 
Power Laboratory 


For the first time in recent 
years, current openings here 
extend into disciplines gen- 
erally considered outside of 
the traditional nuclear 
areas. As a result, excellent 
opportunities exist today for 
men interested in entering 
the nuclear field for the first 
time, as well as for recent 
graduates, and of, course, ex- 
perienced nuclear engineers 
and scientists. If you’ve been 
thinking of exploring pro- 
fessional opportunities at 
KAPL, we suggest you 
make your initial inquiry 
today. 


Current Openings 


Reactor materials development 
Process development metallurgy 
Materials irradiations experiments 
Materials quality control 
Mechanical metallurgy 
Metallography 

Applied ceramics 

Mass spectrometry 


U. S. Citizenship required 


Forward your resume in 
confidence, including salary 
requirement. Please also 
state your job interests. Ad- 
dress: Mr. A. J. Scipione, 
Dept. 38-MJ. 


> 
GENERAL @@ ELECTRIC 
Schenectady, New York 
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FUELS AND FUEL ELEMENTS SUBJCET 
OF Wuclear Wetallurgy (Vol. Vi) 


“The Effects of Irradiation on Fuel 
and Fuel Elements” is the subject 
matter of Nuclear Metallurgy (Vol. 
VI), the proceedings of the Nuclear 
Metallurgy Symposium at this year’s 
Fall Meeting. The 11 papers which 
comprise this volume will be pre- 
sented at the Nuclear Metallurgy 
Committee’s all-day symposium 
Wednesday, Nov. 4th. 

W. D. Manley, Symposium chair- 
man, outlines the scope of the book 
in its foreword: “This symposium 
will discuss the present status of the 
irradiation behavior of the various 
fuel element materials and the prog- 
ress that is being made in the under- 
standing of the limitations of the 
present fuel element designs,” he 
explains. 

“The symposium is divided into 
two sections: 1) The behavior of 
metallic fuel materials; and 2) The 
behavior of the ceramic fuel mate- 
rials. 

“The first part of the session will 
discuss the fundamentals of fission 
damage and explains phenomena 
such as growth, swelling, and radia- 
tion-induced phase transformations 
that limit the useful life of metallic 


Nuclear Meeting 
Set for Nov. 4-6 


The American Nuclear Society 
will stage its Winter Meeting in 
Washington, D. C., Nov. 4-6. Head- 
quarters for the Meeting will be the 
Sheraton Park Hotel there. More 
than 200 technical papers will be 
presented at the Meeting, to be at- 
tended by over 1100 men in atomic 
energy. 


Reprocessing 
of Nuclear Fuels 
to be Discussed 


A two-day symposium on the re- 
processing of nuclear fuels will 
take place in Richland, Wash., Oct. 
20-21. Sponsored by the US Atomic 
Energy Commission and a number 
of AEC contractors, the symposium 
will review the technology currently 
available for reprocessing spent 
fuels from research, test, and power 
reactors. Mechanical handling meth- 
ods, chemical processes, materials of 
construction for processing equip- 
ment, and specific site plans will be 
presented and discussed. 

Those management and technical 
personnel wishing to attend may ob- 
tain details from program coordina- 
tor J. T. Christy, Hanford Opera- 
tions Office, US Atomic Energy 
Commission, Richland, Wash. 


fuels. This will be followed by 
papers discussing the irradiation 
behavior of engineering materials. 

“The second part of the session 
will discuss the behavior of ceramic 
fuel materials. The best examples of 
this class of fuels are uranium oxide 
and uranium carbide. Since the 
long-range potential of the nuclear 
technology depends upon breeding 
new fuel, papers are presented on 
mixed fuel materials such as pluto- 
nium oxide-uranium oxide and 
thorium oxide-uranium oxide. The 
radiation behavior or uranium-fis- 
sium and_uranium-plutonium-fis- 
sium fuels for fast breeder reactors 
will be discussed.” 

Copies may be purchased at the 
Registration Desk in the Morrison 
Hotel during the Fall Meeting. After 
Nov. 5th, mail orders will be ac- 
cepted through The Metallurgical 
Society, 29 W. 39th St., New York 
18, N. Y. The list price of Vol. VI is 
$7, however, AIME members may 
obtain it for the special price of $5. 
The five preceding volumes of Nu- 
clear Metallurgy Symposium Pro- 
ceedings are also available, either 
at the Meeting or by mail. 


Hudson-Mohawk 
Section Plans 
Columbium Symposium 
for June, 1960 


A symposium on the metallurgy of 
the metal columbium is in planning 
by the Hudson-Mohawk section of 
AIME. The Columbium Metallurgy 
Symposium is scheduled for June 
9-10, 1960, at the Hotel Sagamore, 
Bolton Landing, Lake George, N. Y. 

A relaxed atmosphere is assured 
for the conference, a far cry from 
the usual big-city gatherings. Also 
noteworthy is the fact that a fledg- 
ling Section (only in its second year 
of organization) is sponsoring this 
major conference. 

Technical sessions are planned for 
both days, with papers on the me- 
chanical properties, fabrication, cor- 
rosion and oxidation, and the gen- 
eral physical metallurgy of colum- 
bium. The Lake George setting will 
also provide the backdrop for an 
evening panel discussion June 9th, 
preceded by a cocktail hour and 
banquet. 

Dr. David L. Douglass, Symposium 
Committee Chairman, is accepting 
abstracts of papers for presentation. 
They should be in his hands by Feb. 
1, 1960. Address the abstracts to Dr. 
D. L. Douglass, Knolls Atomic Power 
Laboratory, General Electric Co., 
Schenectady, N. Y. 
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P. G. SHEWMON 


Paul G. Shewmon 
Wins Alfred Noble 
Prize for 1959 


AIME member Paul G. Shewmon, 
asst. prof. of metallurgy, Carnegie 
Institute of Technology, has been 
awarded the Alfred Noble Prize for 
1959. The award is annually granted 
to a member of the AIME, ASCE, 
ASME, AIEE, or WSE under 30 
years of age who publishes a paper 
in one of the respective societies’ 
publications which is adjudged most 


outstanding by the Prize Committee. 

Published in the October 1958 
TRANSACTIONS OF THE METALLURGICAL 
Socrety or AIME, the paper was 
entitled The Redistribution of a 
Second Phase During Annealing in 
a Temperature Gradient. 


C. L. McCabe Heads 
Metallurgy Dept. 
at Carnegie Tech 


Charles L. McCabe has replaced 
Robert F. Mehl as head of the Dept. 
of Metallurgical Engineering at 
Carnegie Institute of Technology. 
Dr. Mehl relinquished the post in 
order to devote more time to re- 
search. 

As the new dept head, Dr. McCabe 
brings with him a history of AIME 
activities in addition to his profes- 
sional accomplishments. He is cur- 
rently a member of the Extractive 
Metallurgy Division’s Executive 
Committee, and is past chairman of 
the Pittsburgh section. 

Primarily concerned with the 
physical chemistry of steelmaking 
and high temperature thermody- 
namics and kinetics, Dr. McCabe is 
the author or co-author of 15 schol- 
arly publications. 


AGGLOMERATION SYMPOSIUM 


TO FOLLOW NOKC - 


MEETING IN 196] 


An International Symposium on 
Agglomeration will be held in the 
US under the joint sponsorship of 
The Metallurgical Society and the 
Society of Mining Engineers. The 
meeting is scheduled for Apr. 12-14, 
1961, at the Sheraton Hotel in Phila- 
delphia. The conference will immed- 
iately follow the 1961 Conference of 
the National Open Hearth Steel 
Committee and the Blast Furnace, 
Coke Oven, and Raw Materials 
Committee in Philadelphia at the 
Sheraton Hotel, Apr. 10-12, 1961. 

The joint sponsorship of the meet- 
ing results from a common interest 
in agglomeration shared with the So- 
ciety of Mining Engineers, and in 
particular its Minerals Beneficiation 
and Industrial Minerals Divisions. 

Both Societies felt that a 1960 date 
would not allow adequate time for 
conference planning, so it was de- 
cided to schedule it for 1961. For the 
convenience of the many steel men 
who are concerned with sintering 
and related problems, the agglomera- 
tion conference is scheduled im- 
mediately after the Blast Furnace 
and Open Hearth Conference so that 
registrants can remain in Philadel- 
phia and take in the Symposium as 
well. 

The meeting will not be limited to 


BLAST FURNACE 


studies of sintering and pelletizing 
ore, however. A direct appeal will 
be made to those concerned with 
sintering of lead, zinc, and copper 
ores. The symposium will also en- 
compass the agglomeration of non- 
metallics, industrial minerals, and 
carbonaceous materials. Considera- 
tion will also be extended powder 
metallurgy aspects of agglomeration, 
both ferrous and nonferrous. 

As to approach, basic process 
mechanisms common to agglomera- 
tion processes in general will be con- 
sidered. Thus, the meeting will be 
more theoretical than applied. De- 
tailed descriptions of operations will 
be included only if a specific pur- 
pose is to be served. The program 
will be comprehensive, beginning 
with size distribution of materials to 
be agglomerated and _ concluding 
with the utilization of agglomerated 
products. 

General Chairman for the Inter- 
national Symposium will be W. B. 
Stephenson, affiliated with the Min- 
erals Beneficiation div. of the So- 
ciety of Mining Engineers. D. C. 
Brown of the Iron and Steel Divi- 
sion’s Blast Furnace, Coke Oven, 
and Raw Materials Committee is 
Chairman of the Technical Program 
Committee. 


Expanding the Frontiers 
of Space Technology in 


MATERIALS 
AND PROCESSES 


@ Pioneering work in metallo- 
graphic research, high and low 
temperature materials, radio- 
active and toxic materials, pure 
metals, properties of beryllium 
and the alloys, and the develop- 
ment of refractory and special- 
purpose metals, cermets and 
ceramics is being done at 
Lockheed Missiles and Space 
Division. 

Main objectives of the studies 
are to evaluate the chemical, 
physical, and mechanical prop- 
erties of metals and ceramics, 
and to study the effect of exter- 
nal conditions of stress, tem- 
perature, and strain rate on the 
materials, as well as the effect 
of alloy additions, impurities 
and past strain histories. 

Preliminary studies are also 
being made in: transpiration- 
cooled and heat-resistant 
rocket nozzle material systems; 
thermionic-emission converter 
materials; solid-state devices 
for electronic application; elec- 
tro-chemical fuel cell systems; 
substrates and films for the 
micro-miniaturization of elec- 
tronic systems; analysis of fuel 
and oxidizer tank leakage prob- 
lems; and materials develop- 
ment for nuclear propulsion 
reactors. 

ENGINEERS AND 
SCIENTISTS 


The successful solution to 
problems such as these calls for 
advancement of the state of the 
art to unknown environments 
and the maximum of scientific 
effort. If you are experienced 
in one of the above areas, or in 
related fields, we invite you to 
join us in this challenging effort 
and to share in the future of a 
company that has an outstand- 
ing record of progress and 
achievement. Write: Research 
and Development Staff, Dept. 
J-55, 962 W. El Camino Real, 
Sunnyvale, California. U.S. 
citizenship required. 


Lockheed 


MISSILES AND SPACE 
DIVISION 


Systems Manager for the 
Navy POLARIS FBM; 
DISCOVERER, SENTRY 
and MIDAS; Army KINGFISHER; 
Air Force Q-5 and X-7 


SUNNYVALE, PALO ALTO, VAN NUYS, 
SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL. FLORIDA 
ALAMOGORDO, NEW MEXICO HAWAII 
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Fall Meeting Nears! 


Herbert Friedman, superintendent 
of the Atmosphere and Astrophysics 
div. of the Naval Research Labora- 
tory, has agreed to speak at the An- 
nual Dinner during the Fall Meet- 
ing, the evening of Nov. 3rd. The 
Dinner is being sponsored by the 
Institute of Metals Division. Dr. 
Friedman’s subject will be The New 
Astronomy, which will deal with 
studies of outer space through use 
of rocket probes. 

A total of 16 technical sessions, 
based on over 140 papers are sched- 
uled at this year’s Fall Meeting of 
The Metallurgical Society, Nov. 2-5, 
at the Morrison Hotel in Chicago. 

Each of the Society’s three Divi- 
sions will run simultaneous meetings 
both mornings and afternoons, Mon- 
day through Thursday. 

The Institute of Metals Division’s 
Committee on the Chemistry and 
Physics of Metals is sponsoring two 
symposiums: Kinetics of Phase 
Transformations on Monday morn- 
ing; and Mechanical Properties of 
Non-Metals on Tuesday morning. 

The Iron and Steel Division will 
present a program on the Recent 
Advances in Steelmaking the morn- 
ing and afternoon of Tuesday, Nov. 
3rd. 

The Extractive Metallurgy Divi- 
sion’s High Temperature Materials 
Committee is co-sponsoring a Sym- 
posium on Preparation, Purification, 
and Properties of Refractory Metals 
with the IMD Refractory Metals 
Committee. 


Also on the calendar is the Eighth 
Annual Titanium Symposium under 
the auspices of the IMD Titanium 
Committee, scheduled for Tuesday 
morning and afternoon. The Divi- 
sion’s Nuclear Metallurgy symposium 
will also be on Tuesday. 

The EMD Committee on the Phys- 
ical Chemistry of Extractive Metal- 
lurgy has also reserved Tuesday 
afternoon for a symposium on Re- 
fining of Pure Metals. 

Then, on Wednesday, the IMD Nu- 
clear Metallurgy Committee will 
present its annual symposium, this 
year on the subject of Effects of Ir- 
radiation on Fuel and Fuel elements. 
Thursday will witness the IMD’s 
symposium on powder metallurgy. 
The Non-Ferrous Metallurgy Com- 
mittee of the IMD will also hold its 
symposium on Current Practices in 
the Melting and Casting of Non- 
Ferrous Metals on Thursday. 

A total of 16 other sessions, based 
on the submission of research ab- 
stracts, are also scheduled for the 
Fall Meeting. 

Registration for the Meeting will 
begin at 3 p.m., Sunday, Nov. Ist, on 
the Morrison Hotel’s first floor foyer. 
Members are urged to register in ad- 
vance, if at all possible. The regis- 
tration fee of $5 to AIME members 
and $10 to non-members entitles 
them to an abstract booklet, as long 
as the supply lasts. Student mem- 
bers will be admitted free, while 
non-member students must pay a 
$1 fee. 


SENIOR AND JUNIOR MET- 
ALLURGISTS: To plan, direct, 
carry out materials research 
and development in the nuclear 
field. Opportunities exist for 
both applied and basic work in 
a new laboratory. Currently in 
progress are programs in ther- 
mal stress fatigue, alloy de- 
velopment, high temperature 
properties, fuel element de- 
velopment, ceramic coating 
techniques and properties. An 
advanced degree and/or ex- 
perience in the nuclear field 
would be desirable. Send res- 
ume to Dean W. Townsend, 
Advanced Technology Labora- 
tories, Division of American- 
Standard, 369 Whisman Road, 
Mountain View, California. 


PROCESS METALLURGIST 


We have an opening for a chemical or 
metallurgical engineer to join our con- 
sulting staff in the field of Process 
Metallurgy. This position offers engi- 
neering and development work in 
minerals and metals processing and 
the application of fluid-bed tech- 
niques, including a new direct reduc- 
tion process as applied to iron ores. 


Please send resume to Mr. John J. 
Stowe, Manager, Staff Employment, 
Arthur D. Little, Inc., 35 Acorn Park, 
Cambridge 40, Massachusetts. 


Arthur D. Little Inc. 


Contract Research for Industry 
and Government 
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Powder Metallurgists 
to Probe Surface 
Films at Fall Meet 


The little-understood role of metal 
oxides on the surfaces of metal pow- 
ders will come under close scrutiny 
when the Powder Metallurgy Com- 
mittee presents its part of the pro- 
gram at the Fall Meeting of The 
Metallurgical Society. 

During its two-session, all-day 
Symposium Nov. 5th the Committee 
will try to unravel the mystery of 
why surface films sometimes limit 
sintering, while at other times facil- 
itate the process. “As applications of 
powder metallurgy become more 
diverse and as new alloys are sought 
for high strength, high temperature 
uses, surface oxide films often con- 
stitute a major technological bar- 
rier to progress,” explains G. L. 
Bibbins, Powder Metallurgy Com- 
mittee Chairman. “It is to gain a 
closer insight into this critical prob- 
lem that the symposium has been 
organized, drawing on the experi- 
ence of outstanding researchers 
from the US and France.” 

These and other sessions are in 
store for those who attend the Fall 
Meeting, Nov. 2-5 at the Hotel Mor- 
rison, Chicago. 


Relationship Between 
Metals, Non-Metals 
to be Aired 


The inter-relationship between 
metals and non-metals will be borne 
out during the Chemistry and Phys- 
ics of Metals Committee’s symposia 
at the Fall Meeting. Part of the In- 
stitute of Metals Division’s program- 
ming, technical meetings will involve 
papers on plastics and ceramics, in 
addition to metals. 

Richard S. Davis, Arthur D. Little, 
Inc., who will preside at the Tuesday 
morning, Nov. 3rd session, explains 
it this way: 

“Ideas and techniques developed 
by metallurgists are useful in dis- 
covering and developing new plastics 
and ceramics. Also, basic knowledge 
about how non-metals behave helps 
metallurgists to a better understand- 
ing of the behavior of metals. Every 
day, the practicing metallurgist must 
solve problems involving  non- 
metals.” 

Four sessions are scheduled alto- 
gether for the mornings and after- 
noons of Nov. 2nd and 3rd. After- 
noons will be devoted to summaries 
of current research in fields covered 
by papers in the morning sessions. 
See the Fall Meeting Program in the 
September issue for the listing of 
papers to be presented. 
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Flat Rolled Products 
Meeting Program 
Now Taking Shape 


The program for the second con- 
ference on Flat Rolled Products, to 
be held Jan. 20, 1960, is rounding 
into final form. Sponsored by the 
Mechanical Working Committee of 
the Iron and Steel Division, of The 
Metallurgical Society, AIME, the 
conference will meet at the Del 
Prado Hotel in Chicago. 

Though still tentative, the agenda 
calls for papers and discussions on 
Hot Machine Scarfing . . . Selection 
of Ingots and Slab Sizes . . . Scaling 
. .. Stretcher Strain Sensitivity ... 
Corrosion and Fabrication Problems 
of Unitized Car Body Construction 
...and Processing of Steels for 
Electrical Applications. Selection of 
the luncheon speaker is yet to be 
announced. 


Analytical Symposium 
to Meet in New York 


The First Eastern Analytical Sym- 
posium, sponsored by the American 
Chemical Society, Society for Ap- 
plied Spectroscopy, and the Metro- 
politan Microchemical Society, will 
be headquartered at the Hotel New 
Yorker, Nov. 4-6. 

Composed of a series of three- 
hour symposia, the meeting will 
take up such subjects as Infrared 
Spectroscopy ... Voltammetry .. . 
Masking in Analytical Chemistry... 
Non-Routine Sampling . .. Mass 
Spectrometry . .. Spectrophotometry 
. . . Emission Spectroscopy . . . Ion- 
Exchange . . . Organic Analysis ... 
X-ray Spectroscopy ... Thermal 
Methods of Analysis. . . and Micro- 
titrations. 

Registration fee is $3. For more 
information, contact: Charles Jed- 
licka, Lucius Pitkin Inc., 47 Fulton 
St., New York, N. Y. 


Diffraction Conf. 
at Pittsburgh 
Nov. 11-13 


The 17th Annual Pittsburgh Dif- 
fraction Conference will be held at 
the Mellon Institute, Nov. 11-13. 
Sessions on stress analysis, refrac- 
tories and silicates, and biological 
structures will highlight the two- 
day meeting, while a symposium on 
electron microprobe analysis is also 
on the agenda. Another focal point 
of the meeting will be an address by 
AIME member Dr. Charles S. Bar- 
rett, of the University of Chicago. 

For further details, contact: D. W. 
Beard, Crucible Steel Co. of Amer- 
ica, 234 Atwood St., Pittsburgh 13, 
Pa. 


Breakthrough in Nuclear 
 and,Space Age Metals 


*Reg. U. S. Pat. Off. RE-59-2 


The unusual properties of this new rare earth metal 
may expedite your nuclear energy applications: 
® Excellent ductility and malleability, with more than 95% 
reduction in cross-section through cold-rolling. 
Low oxygen contamination, can be less than 500 ppm; rare 
earth impurities nil. 
High neutron transparency. 
® High melting point. 


® Can be fabricated into intricate and invoived shapes, 


Michigan Chemical can now provide immediate de- 
livery of yttrium metal in developmental quantities. 
For further information, contact our Rare Earths 
and Thorium Division in Saint Louis, Michigan. 


RARE EARTHS AND THORIUM DIVISION 


MICHIGAN CHEMICAL 
CORPORATION 


659 North Bankson Street, Saint Lovis, Michigan 


PRASEODYMIUM NEODYMIUM e SAMARIUM EUROPIUM 
ERBIUM THULIUM YTTERBIUM LUTETIUM YTTRIUM 


OCTOBER 1959, JOURNAL OF METALS—705 


che 
ais 
% + j 
i 
| 
| 
: 
| 
Ta 
| i 
rag | 
| 
4 
| 


IMD Lists Selections 
for Society 
Nominating Committee 


The Institute of Metals Division 
has nominated the following men to 
serve on the Nominating Committee 
of The Metallurgical Society for a 
one-year term beginning February, 
1960: Morris Cohen, Massachusetts 
Institute of Technology; Walter A. 
Dean, Aluminum Co. of America; 
and Oscar T. Marzke, U. S. Steel 
Corp. Nominees from the other two 
Divisions were listed on page 471 of 
the July JouRNAL or METALS. 


5. par. orf 


OPPORTUNITIES IN 
RESEARCH METALLURGY 


E. |. DU PONT DE NEMOURS & COMPANY 


New opportunities in the 
growing and important field of 
refractory metals are now 
available with du Pont at the 
Experimental Station in Wil- 
mington, Delaware. A major 
expansion in alloy development, 
metal manufacture and mill 
product processing techniques 
is being conducted. Trained 
Ph.D. research personnel in 
physical and mechanical metal- 
lurgy, or those with equivalent 
research experience, are 
needed to support this pro- 
gram. These positions offer an 
opportunity for direct contribu- 
tion to the development of 
niobium base alloys and tita- 
nium base alloys as well as 
additional refractory base sys- 
tems. Please forward resumé 
including details of education, 
experience and salary expected 
to Mr. Harry Joslyn, Employee 
Relations Department, E. |. du 
Pont de Nemours & Company, 
Wilmington, Delaware. Replies 
held confidential. 
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AROUND THE SECTIONS 


Connecticut section will hear Dr. 
James H. Bechtold of the Westing- 
house Corp. speak on Materials Engi- 
neering at its Nov. 12th meeting. The 
get-together will be held at the Chase 
Country Club, outside Waterbury. 
The meeting has also been pro- 
claimed President’s Night, and AIME 
President-Elect Joseph L. Gillson 
will be among the guests. 


Detroit section’s opening meeting 
for the 1959-1960 season on Oct. 19th 
will feature a talk on Electron Probe 
Microanalyzer, by Dr. Kenneth G. 
Carroll, supv. of Metal Physics Re- 
search Section, International Nickel 


Set Basic Oxygen 
Meeting for Oct. 14 


The Acid Converter and Basic 
Oxygen Steel Committee of The 
Metallurgical Society, AIME, will 
meet at the Algoma Steel Corp., 
Ltd., Sault Ste. Marie, Ontario, Can- 
ada, on Oct. 14th. The day will start 
with a plant visit at 9:00 am, to be 
followed by a luncheon and an “off- 
the-record” meeting of committee 
members and guests. The technical 
portion of the meeting will be de- 
voted to operating problems en- 
countered in the production of basic 
oxygen steel and acid bessemer 
steel, advises Arthur B. Wilder, 
Committee chairman. For further 
information, contact Mr. Wilder at 
the: National Tube Division, U. S. 
Steel Corp., 525 William Penn Place, 
Pittsburgh. 

Committee plans also call for an 
all-day session on oxygen steel- 
making during the Iron and Steel 
Division’s portion of the Annual 
Meeting next February. A number 
of technical papers, accompanied by 
open discussions, will be presented. 
Details will be found in the 1960 
Annual Meeting program. 


EMD Schedules 
International Type 
Symposium for 1960 


The Extractive Metallurgy Divi- 
sion has scheduled an International 
Symposium on the Extractive Metal- 
lurgy of Copper, Nickel, and Cobalt 
as part of its contribution to the 
1960 Annual Meeting. 

Broad in scope and jointly spon- 
sored by four EMD Committees, the 
program will cover the following 
subjects: roasting . . fuel-fired 
smelting . . . electric smelting .. . 
converting . . . atmospheric-pressure 


Co., Inc. Meeting place, as always, 
will be the Rackham Memorial 
Building. 

Washington, D. C. section held its 
first meeting of the season Oct. 6th at 
the Broadmoor Hotel. Highlight of 
the dinner meeting was a talk en- 
titled Operation Plowshare, by Rich- 
ard Hamburger, of the Division of 
Military Application, US Atomic 
Energy Commission. 


Lehigh Valley section donned 
boots and hard hats Sept. 19th for a 
field trip through the mine and sur- 
face plant of New Jersey Zinc Co. at 
Friedensville, Pa. 


M. A. HUNTER 


Die Casters Award 
Bestowed on Hunter 


Matthew A. Hunter, Dean Emeri- 
tus of Rensselaer Polytechnic Insti- 
tute, has been awarded the Ameri- 
can Die Casting Institute’s Doehler 
Award for 1959. Now a consultant 
to the Die Casting Research Founda- 
tion, Dr. Hunter is known for his 
work in high-temperature metallur- 
gy and his application of die casting 
techniques to higher melting point 
alloys. The award, consisting of a 
certificate, plaque, and cash honor- 
arium, was presented at the Annual 
Meeting of the American Die Cast- 
ing Institute, on Sept. 17th. 


leaching . . . elevated-pressure leach- 
ing .. . copper refining . . . nickel 
refining . and cobalt refining. 
Papers will be presented by scien- 
tists from Belgium, Canada, Chile, 
France, Germany, Northern Rho- 
desia, Norway, and Sweden, as well 
as the US. Papers may also be forth- 
coming from Soviet sources, accord- 
ing to Paul Queneau, Chairman of 
the Symposium. 
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Jet-Piercing 
Developer Heralded 
by Franklin Institute 


Robert B. Aitchison, developer of 
the Jet-Piercing flame process for 
obtaining iron ore from hard rock, 
will receive a John Price Wetherill 
Medal from the Franklin Institute 
on Oct. 21st. 

The medal was awarded Mr. 
Aitchison “In consideration of his 
initiation, development, and practi- 
cal application of the Jet-Piercing 
process as applied to open pit min- 
ing and quarrying and the economic 
importance of this development to 
the steel industry and to the nation.” 

With the 4300°F flame of the Jet- 
Piercing process, it is estimated 
that by 1975 more than 30 pct of 


MEMBERSHIP 


Proposed for Membership 
Metallurgical Society of AIME 


Total AIME membership on Sept. 1, 1959 
was 32,615; in addition 2,738 Student mem- 
bers were enrolled. 


ADMISSIONS COMMITTEE 
L. L. Seigle, Chairman; W. L. Brytczuk; 
F. B. Foley; T. D. Jones; Harold Margolin; 
Shadburn Marshall. 


The Institute desires to extend its 

leges to every person to whom it can be of 
service, but does not desire as members = 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership. 


Members 
Armstrong, Raymond E., Jr., Newark, N. J. 
Clarke, Herbert H., Latrobe, Pa. 
Dunn, Edward J., Thomaston, Conn. 
Hahn, Jack, Montreal, Quebec, Canada 
Healy, Robert M., West Chicago, Ill. 
Johnson, Lester E., Detroit, Mich. 
Kleppa, Ole J., Chicago, Ill. 
Lambertus, Harold N., Kansas City, Mo. 
Loos, Richard W., Wintersville, Ohio 
Oriani, Richard A., Monroeville, Pa. 
Promisel, Nathan E., Silver Spring, Md. 
Reinhardt, Gustav, Niagara Falls, N. Y. 
Richardson, Frederick R., Holland, Mich. 
Robinson, Raymond B., Los Angeles, Calif. 
Ross, John W., Toronto, Ontario, Canada 
Schroeder, Ralph G., Chicago, Il. 
Schussler, Mortimer, Lewiston, N. Y. 
Sperry, Philip R., New Haven, Conn. 
Troy, Joseph C., Jr., Pittsburgh, Pa. 
Wallace, John I., Cleveland, Ohio 


Associate Members 
Fegredo, Desmond M., Berkeley, Calif. 
Whitson, Richard E., Jr., Elizabeth, N. J. 
Woods, Henry L., Jr., Middletown, Ohio 
Junior Members 


Barloga, Albert M., Hammond, Ind. 
Dorney, Donald E., Reading, Pa. 
Hicks, William T., Wilmington, Del. 
Ho, Jack W., Palo Alto, Calif. 
McCarthy, John J., Cambridge, Mass. 
Nail, John B., Jr. Chicago Ill. 


REINSTATEMENT—CHANGE OF STATUS 


Associate to Member 
Wilkins, Charles H., Cheswick, Pa. 


Junior to Member 
Nelson, Ralph L., Jr., Birmingham, Ala. 


Student to Member 
Mannweiler, Gordan B., Naugatuck, Conn. 
SPECIAL REINSTATEMENT 
Associate Member 
Jemian, Wartan A., Greensburg, Pa. 


the US supply of iron ore will come 
from taconite, low-grade iron bear- 
ing rock previously uneconomical to 
mine. Thermal-Texturing, a process 
for surfacing granite and other 
stone, is another of his innovations. 
In all, Mr. Aitchison has been 
granted 13 patents dealing with 
flame processes and equipment. He 
now holds the position of consulting 
engineer for the Linde Co., div. of 
Union Carbide Corp. 


Magnetism Conference 
at Detroit 
Nov. 16-19 


The Metallurgical Society of AIME 
will this year co-sponsor the Confer- 
ence on Magnetism and Magnetic 
Materials, scheduled for the Shera- 


RE-ELECTION 


Member 
Grant, George, III, Midland, Mich. 


NECROLOGY 


Date Date of 
Elected Name Death 
1926 Allen, Horace J. Aug. 15, 1959 


1944 Estey, Arol W. 
1949 Utt, Ralph B. 


Unknown 
July 21, 1959 


OBITUARIES 


Allen, Horace J. (member 1926) died 
Aug. 15th in Port Colborne, Ontario, 
Canada, at the age of 74. At onetime 
vice president of the Algoma Steel 
Corp., Sault Ste. Marie, Ontario, Mr. 
Allen came out of retirement 14 
years ago to head the Canadian Fur- 
nace Company, Ltd., when Algoma 
purchased the Company. 


ton-Cadillac Hotel in Detroit, Nov. 
16-19. This Conference marks the 
fifth annual meeting sponsored by 
the American Institute of Electrical 
Engineers and interested societies. 
The Office of Naval Research, The 
American Physical Society, and The 
Institute of Radio Engineers are also 
participating in this year’s Confer- 
ence. 

One of the items on the agenda 
for registrants is an exhibit of pho- 
tographs relating to magnetism. An- 
other is a magnetic products and in- 
strumentation exhibit. 


Further information may be ob- 
tained from D. M. Grimes, Dept. of 
Electrical Engineering, University of 
Michigan, Ann Arbor, Mich. 


EMD BYLAW CHANGE 


Provision for an EMD Pub- 
lications Committee was made 
at the June 22nd meeting of 
The Metallurgical Society’s 
Board of Directors in the fol- 
lowing motion: “The duties of 
the Publications Committee 
shall be to examine and re- 
view all papers in its field 
submitted to the Society for 
publication in TRANSACTIONS 
OF THE METALLURGICAL SOCIETY 
or AIME; to evaluate reader 
comment obtained on each pa- 
per; and to recommend to the 
Publications Committee of The 
Metallurgical Society as to ac- 
ceptance or rejection of papers 
for TRANSACTIONS OF THE MET- 
ALLURGICAL Society or AIME. 
It also may assist the editor of 
JOURNAL OF METALS on the ac- 
ceptance of papers in its field 
for publication.” This bylaw 
revision was also approved by 
the AIME Board of Directors 
on June 23rd. 


PROFESSIONAL SERVICES 


Limited to AIME members, or to com- 
panies that have at least one AIME 
member on their staffs. Rates $50 per 
year per inch. 


H. L. TALBOT 
Consulting Metallurgical Engineer 


Extraction and Refining of Base Metals 
Specializing in Cobalt and Copper 


Room 911, 209 Wash St. 
Boston 8, 


MAX STERN 


Consulting Engineer 
Expert for Scrap Recovery and Ship- 
wrecking— Modernization of Plants 
and Yards for Ferrous and Nonferrous 
Metal Scrap 
10 East 40th St. New York 16,N. Y. 


DR. E. TSUTSUMI 
Registered Japanese Patent Attorney & 
Consulting Engineer 
PATENT MATTERS handled . . . TECH- 
NICAL TEXT translated from J 
or vice versa: 2¢ an lish 


word. 
Central P.O. Box 1545 Tokyo, Japan 
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Coming Kvents 


Oct. 5, AIME, NOHC Section Fall Din- 
ner Meeting, Phil Smidt’s Restaurant, Ham- 


Oct, 5-6, 27th Annual M of Engineers’ 


Park Manor, Cleveland. 


Oct. 7-9, Sixth National a on Vacuum 
Techno American Vacuum Society, 


Sherat Hotel. Philadelphia. 


AIME, NOHC Southwestern Section, 
Meeting, Pere Marquette Hotel, Peoria, 


Oct. 9, AIME, NOHC Eastern Section, 13th An- 
nual Conference, Warwick Hotel, Philadel- 
phia. 

Oct. 11-16, Third Pacific Area National Meeting 
of the American Society for Testing Materials, 
Forum on Reactor Sheraton-Palace 
Hotel, San 


Oct. 14, AIME, Acid Converter and 

po ta Steel Committee Technical Meeting 
a Plant visit, Algoma Steel Corp., Sault 
Ste. Marie, Ontario, Canada. 


Oct. 16-17, AIME, NOHC Southern Ohio Sec- 
Fall Meeting, Deshler-Hilton Hotel, Co- 
um le 


Fall Meeting of The Metallurgical 
AIME, Morrison Hotel, Chicago. 


Nov. 4-6, American Nucle: iety, Winter 
Meeting, Sheraton Park Hotel, ashington. 


Pittsburgh. 


Nov. 9-11, 14th Technical and Cossting Con- 
ference, Steel Founders’ Society of America, 
Carter Hotel, Cleveland. 


Nov. 10, Anes, 
Hamilton, Ontario, Canada. 


Nov. 16-20, Conference Magnetism 
Magnetic by the AIEE, 
The Metallur, 1 Society, and others, Shera- 
ton-Cadillac Detroit. 


Dec. 1-5, Symposium on Structural Changes in 
Metals and Alloys, co-sponsored by the In- 


dian Institute of Metals and Dept. of Metal- 
Indian Institute of Sci 
Dec. 2-4, AIME 17th Electric Furnace Con- 


ference, Hotel Cleveland, Cleveland, Ohio. 
Dec. 7, AIME Arizona Section, Annual Meeting, 
Tucson. 


Jan. 11-13, 1960, Sixth National Symposium 
on Reliability and Control in Elec- 
tronics, Statler-Hilton Hotel, Washington. 


Jan. 20, 1960, AIME, Second Conference on 
Flat Rolled Products, Del Prado Hotel, Chi- 


cago. 


Jan. 25-29, 1960, Stress Measurement 
sium, sponsored by Strain Gage Readings, Ari- 
zona State University, Tempe, Ariz. 


Feb, 14-18, 1960 E Annual Meeting, Hotel 
MeAlp: Statler, New York. 

Feb. 16-19, 1960, Symposium on Hydromet- 
allurey Wet Processing of Minerals and In- 


ustrial Products, The Australasian Institute 
a Mining & Metallurgy, Adelaide, Australia. 


Mar. 9-10, 1960, Symposium on Processing 
of Materials for Re-entry Structures, The Mid- 
West Society of Aircraft Materials and Process 


Engineers, Dayton, Ohio. 


Mar. 15-21, 1960, Third International Con- 
ference on Nondestructive Testing, Tokyo, Mar. 


American Ceramic Society, The 


15-18; Osaka, Mar. 2 
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Robot Chemist 
Promises to Save 
Time and Money 
for a Wide Range 


of Industries 


Automatic in-process 
control with significant re- 
duction of cost and waste 
— both in materials and 
manpower — is promised 
by engineers and designers 


of the Philips Electronics, 
Inc. company of Mount 
Vernon, N. Y. It is claimed 
that industrial bottlenecks 
caused by failure to main- 
tain quality standards or 
insufficient sampling of 
goods in process can now 
be readily averted. 

The basis of these claims 
is the introduction of a 
new instrument called the 
Autrometer. De- 
selectively and 


Norelco 
signed to 
speedily analyze a series of 
elements, it is deemed in- 
dispensable in quality con- 


trol of repetitive sé 
It is further stated that 
any form of sample can be 
analyzed — be it liquid, 
powder or solid—and that 
uncanny accuracy can be 
obtained in but a fraction 
of the time required by 
wet chemical analyses. 
The manufacturers are 
ready to back these state- 
ments With case histories, 
special reports, or 4 com- 
plete analysis of submitted 
samples by their applica- 
tion laboratory. Address 
all inquiries 


S 
wc. 


Instrume 
ments Division 
750 SOUTH FULT 
ON AVENUE, MO 
, MOUNT VERNON, N 
N.Y. 
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... on any customer’s operating problem has top priority on 
the schedule of our technical service personnel. Your call 
triggers action—focuses attention on the answers you seek. 
For fast, effective, superior technical assistance, you can 
rely on GLC every time. 


ELECTRODE 
GREAT LAKES CARBON CORPORATION 


® 18 EAST 48TH STREET, NEW YORK 17, N. Y. OFFICES IN PRINCIPAL CITIES 
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